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vaccines are provided that induce or enhance host antibody titers specific for cell surface receptor antigens and that include recombinant 
expression constructs containing nucleic acids encoding a target cell surface receptor antigen and one or more immune response altering 
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SURFACE RECEPTOR ANTIGEN VACCINES 

TECHNICAL FIELD 

The invention relates to DNA vaccines, or vaccines containing molecules 
encoded by such DNA. for the induction of specific, sustained high titer antibody responses. 
More specifically, the invention is directed to DNA vaccines that comprise recombinant 
expression constructs encoding a cell surface receptor antigen and one or more immune 
response altering molecules. 

BACKGROUND OF THE INVENTION 

It is known in the immunological arts to provide certain vaccines according to 
a variety of formulations, usually for the purpose of inducing a desired immune response in a 
host. The immune system has been characterized as distinguishing foreign agents (or ^'non- 
self') agents from familiar or "self components, such that foreign agents elicit immune 
responses while "self components are ignored or tolerated. Immune responses have 
traditionally been characterized as either humoral responses, in which antibodies specific for 
antigens are produced by differentiated B lymphocytes known as plasma cells, or cell 
mediated responses, in which various types of T lymphocytes act to eliminate antigens by a 
number of mechanisms. For example. CD4+ helper T cells that are capable of recognizing 
specific antigens may respond by releasing soluble mediators such as cytokines to recruit 
additional cells of the immune system to participate in an immune response. Also. CD8+ 
cytotoxic T cells that are also capable of specific antigen recognition may respond by binding 
to and destroying or damaging an antigen-bearing cell or particle. 

Several strategies for eliciting specific immune responses through the 
administration of a vaccine to a host include immunization with heat-killed or with live, 
attenuated infectious pathogens such as viruses, bacteria or certain eukaryotic pathogens; 
immunization with a non-virulent infective agent capable of directing the expression of 
genetic material encoding the antigen(s) to which an immune response is desired; and 
immunization with subunit vaccines that contain isolated immunogens (such as proteins) 
from a particular pathogen in order to induce immunity against the pathogen. (See, e.g., Liu, 
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1998 Nature Medicine 4(5 suppl.):515.) Each of these approaches is compromised by certain 
trade-offs between safety and efficacy. Moreover, there may be certain types of desirable 
immunity for which none of these approaches has been particularly effective, including the 
development of vaccines that are effective in protecting a host immunologically against 
cancer, autoimmune disease, human immunodeficiency viruses or other clinical conditions. 

In a number of contexts, it may be desirable to induce an immune response in 
a host that involves specific immune recognition of a cell surface receptor antigen (SRA). 
Such a target structure may be. for example, a host molecule, an altered {e.g., mutated, 
degraded, incompletely synthesized, conformationally changed, etc.) or inappropriately 
expressed host molecule or a foreign molecule. For example, numerous cell SRA have been 
implicated in cancer as unique or preferentially expressed markers of tumor cells, such that 
targeting an immune response to such SRA appears to be a useful strategy, albeit an approach 
still in need of refinement. (See. e.g., PardoU, 1998 Nature Medicine 4(5 supp):525 and 
references cited therein.) In particular, many such approaches may provide induction of only 
weak or transient host immune responses, or of responses where induction of cell mediated 
and/or humoral immune response components is ineffective. Recent interest in therapeutic 
passive immunity conferred by the administration of SRA-specific monoclonal antibodies 
underscores the significance of SRA (see, e.g. Pietras et al., 1994 Oncogene 9:1829; Baselga 
et al, 1998 Cane. Res. 58:2825; Hoffmann et al.. 1997 Anticanc. Res. 17:4419; Bier et al., 
1998 Cane. Immunol. Immunother. 46:167: Petit et al., 1997 Am. J. Pathol. 151:1523; 
Udayachander et al.. 1997 Hum. Antibod 8:60.) but does not offer the longer-lived protection 
afforded by a vaccine, which influences the host immune state. 

Clearly there is a need for improved vaccines, and in particular for vaccines 
that are directed to inducing immune responses specific for cell surface receptor antigens. 
The present invention provides compositions and methods for cell surface receptor antigen 
specific vaccines, and other related advantages. 



SUMMARY OF THE INVENTION 

The invention provides compositions and methods for altering an immune 
response in a host in an antigen specific manner, wherein the antigen is a cell surface receptor 
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antigen. Vaccines are provided that include a gene encoding a desired cell surface antigen 
receptor (or the expressed product) and one or more genes encoding immune response 
altering molecules (or the expressed products). 

In one aspect, the invention is directed to a vaccine for eliciting or enhancing 
the titer of antibodies specific for a cell surface receptor antigen, comprising a recombinant 
expression construct comprising at least one promoter operably linked to a nucleic acid 
sequence encoding a cell surface receptor antigen, a nucleic acid sequence encoding a first 
immune response altering molecule and a nucleic acid sequence encoding a second immune 
response altering molecule, wherein the first and second immune response altering molecules 
are different from each other and are an accessory cell agent and a T cell agent. In one 
embodiment, the vaccine for eliciting or enhancing the titer of antibodies specific for a cell 
surface receptor antigen comprises the expression products of such a recombinant expression 
construct. 

In another embodiment the invention provides a vaccine for eliciting or 
enhancing the ther of antibodies specific for a cell surface receptor antigen, comprising a first 
recombinant expression construct containing at least one promoter operably linked to a 
nucleic acid sequence encoding a cell surface receptor antigen and a nucleic acid sequence 
encoding a first immune response altering molecule: and a second recombinant expression 
construct containing a promoter operably linked to a nucleic acid sequence encoding a second 
immune response altering molecule, wherein the first and second immune response altering 
molecules are different from each other and are an accessory cell agent and a T cell agent. In 
a further embodiment, the vaccine for eliciting or enhancing the titer of antibodies specific for 
a cell surface receptor antigen comprises the expression products of such recombinant 

expression constructs. 

In another embodiment the invention provides a vaccine for eliciting or 
enhancing the titer of antibodies specific for a cell surface receptor antigen, comprising a first 
recombinant expression construct containing at least one promoter operably linked to a 
nucleic acid sequence encoding a cell surface receptor antigen; a second recombinant 
expression construct containing a promoter operably linked to a nucleic acid sequence 
encoding a first immune response altering molecule; and a third recombinant expression 
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construct containing a promoter operably linked to a nucleic acid sequence encoding a second 
immune response altering molecule, wherein the first and second immune response altering 
molecules are different from each other and are an accessory cell agent and a T cell agent. In 
a further embodiment, the vaccine for eliciting or enhancing the titer of antibodies specific for 
a cell surface receptor antigen comprises the expression products of such recombinant 
expression constructs. 

In yet another embodiment, the invention provides a vaccine for clicking or 
enhancing the titer of antibodies specific for a cell surface receptor antigen, comprising a first 
recombinant expression construct containing at least one promoter operably linked to a 
nucleic acid sequence encoding a cell surface receptor antigen; and a second recombinant 
expression construct containing at least one promoter operably linked to a nucleic acid 
sequence encoding a first immune response altering molecule and a nucleic acid sequence 
encoding a second immune response altering molecule, wherein the first and second immune 
response altering molecules are different from each other and are an accessory cell agent and 
a T cell agent. In a further embodiment, the vaccine for eliciting or enhancing the titer of 
antibodies specific for a ceil surface receptor antigen comprises the expression products of 
such recombinant expression constructs. 

These and other aspects of the present invention will become evident upon 
reference to the following detailed description and attached drawings. In addition, various 
references are set forth herein which describe in more detail certain aspects of this invention, 
and are therefore incorporated by reference in their entireties. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 illustrates enzyme linked immunosorbent assay results showing 
induction of SRA specific antibodies by immunization in an animal model system with DNA 
vaccines containing SRA and IRAM encoding nucleic acid sequences. 

Figure 2 shows the T:B lymphocyte ratios in mice immunized with DNA 
vaccines containing SRA and/or IRAM encoding nucleic acid sequences as detected by 
immunocytofluorimetry . 
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Figure 3 depicts results obtained in an animal model system wherein tumor 
growth is monitored following tumor challenge in hosts immunized with DNA vaccines 
containing SRA and IRAM encoding nucleic acid sequences. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention is directed to nucleic acid-based vaccines for altering the 
magnitude, duration and quality of immune responses directed against specific cell surface 
receptor antigens (referred to herein as "SRA"). More specifically, the invention relates to 
DNA vaccines comprising nucleic acids encoding SRA and nucleic acids encoding one or 
more immune response altering molecules (referred to herein as "IRAM"). The invention 
also relates to vaccines containing expressed SRA and IRAM products. As provided herein, 
the vaccines of the subject invention possess the unexpected property of eliciting sustained 
high titers of antibodies specific for a SRA. 

The invention thus provides compositions for altering immune responses in a 
host capable of mounting an immune response. As will be known to persons having ordinary 
skill in the art. an immune response may be any active alteration of the immune status of a 
host, which may include any alteration in the structure or function of one or more tissues, 
organs, cells or molecules that participate in maintenance and/or regulation of host immune 
status. Typically, immune responses may be detected by any of a variety of well known 
parameters, including but not limited to in vivo or in vitro determination of: soluble 
immunoglobulins or antibodies; soluble mediators such as cytokines, lymphokines, 
chemokines, hormones, growth factors and the like as well as other soluble small peptide, 
carbohydrate, nucleotide and/or lipid mediators; cellular activation state changes as 
determined by altered functional or structural properties of cells of the immune system, for 
example cell proliferation, altered motility, induction of specialized activities such as specific 
gene expression or cytolytic behavior; cellular differentiation by cells of the immune system, 
including altered surface antigen expression profiles or the onset of apoptosis (programmed 
cell death); or any other criterion by which the presence of an immune response may be 
detected. 
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Immune responses may often be regarded, for instance, as discrimination 
between self and non-self structures by the cells and tissues of a host's immune system at the 
molecular and cellular levels, but the invention should not be so limited. For example, 
immune responses may also include immune system state changes that result from immune 
recognition of self molecules, cells or tissues, as may accompany any number of normal 
conditions such as typical regulation of immune system components, or as may be present in 
pathological conditions such as the inappropriate autoimmune responses observed m 
autoimmune and degenerative diseases. As another example, in addition to induction by up- 
regulation of particular immune system activities (such as antibody and/or cytokine 
production, or activation of cell mediated immunity) immune responses may also include 
suppression, attenuation or any other down-regulation of detectable immunity, which may be 
the consequence of the antigen selected, the route of antigen administration, specific tolerance 

induction or other factors. 

In particularly preferred embodiments of the present invention, the vaccine 
compositions and methods provided herein offer the surprising advantage of inducing high 
and sustained titers of SRA specific antibodies in a host that would otherwise be incapable of, 
or capable only of mounting a far weaker, humoral (/..., antibody) response specific for the 
SRA. Those having ordinary skill in the art will appreciate, with respect to these 
embodiments, that sustained high antibody titers in a host represent maturation of an immune 
response and selection within the immune system of plasma cells that have differentiated 
from clonally expanded B lymphocyte subpopulations expressing immunoglobulin variable 
(V) regions having high affinity for an eliciting antigen. Such persons will further appreciate 
that such a maturation of the immune response is often accompanied by the production of 
antibodies that are predominantly of the IgG isotype, which may offer certain advantages 
related to structural and/or functional attributes of the immunoglobulin gamma heavy chain. 

According to the present invention, SRA vaccines are provided that, in one 
embodiment, are DNA vaccines comprising one or more recombinant expression constructs 
encoding at least one SRA and at least one IRAM. Thus, the present invention provides 
nucleic acid-based vaccines wherein the nucleic acid may be in the form of RNA or DNA, 
including cDNA, genomic DNA and synthetic DNA as described below, such that references 
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herein to "'DNA vaccines" and the like are not intended to exclude these other forms in which 
the nucleic acid may be present. In particularly preferred embodiments, the SRA vaccine 
comprises at least one recombinant expression construct encoding an SRA and at least two 
IRAM. where at least one TRAM is a T cell agent and at least one IRAM is an accessory cell 
agent. In other preferred embodiments, the SRA vaccine comprises at least one recombinant 
expression construct encoding an SRA and at least one IRAM that may be either a T cell 
agent or an accessory cell agent. As provided herein, according to the various aspects of the 
invention the SRA vaccine may comprise a single recombinant expression construct that 
includes nucleic acid sequences encoding an SRA and one IRAM, two IRAM or a plurality 
{i.e., greater than two) of IRAM. 

In other embodiments of the invention, the SRA vaccine may comprise a first 
and a second recombinant expression construct, wherein the first construct includes nucleic 
acid sequences encoding an SRA and at least one IRAM and the second construct includes 
nucleic acid sequences encoding at least one IRAM. In preferred embodiments, at least one 
encoded IRAM is a T cell agent and at least one encoded IRAM is an accessory cell agent 
such that the T cell agent and the accessory cell agent are encoded on different constructs. In 
other embodiments of the invemion, the SRA vaccine may comprise at least three 
recombinant expression constructs wherein at least one construct includes nucleic acid 
sequences that encode a SRA, at least one construct includes nucleic acids that encode an 
IRAM that is a T cell agent, and at least one construct includes nucleic acids that encode an 
IRAM that is an accessory cell agent. In another particularly preferred embodiment, the SRA 
vaccine may comprise a first and a second recombinant expression construct, wherein the first 
construct includes nucleic acid sequences encoding a SRA and the second construct includes 
nucleic acid sequences encoding at least a first and optionally a second IRAM. This 
embodiment further permits simple preparation of vaccines that elicit or enhance the titer of 
antibodies specific for any of a number of different SRA by interchanging any of a variety of 
SRA-encoding first constructs for administration with the second construct. These and 
related variations of the vaccines according to the instant disclosure are within the scope of 
the invention. 
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As noted above, the DNA vaccines of the present invention alter the 
magnitude {e.g., amount of antibody produced), duration and/or quality (e.g., affinity of 
antibody produced for SRA) of immune responses directed at specific SRA. Surface receptor 
antigens (SRA) as used herein refers to any cell surface molecule against which an immune 
response is sought. Such antigens may be cell surface molecules that are stable or transient 
plasma membrane components, including peripheral, extrinsic, secretory, integral or 
transmembrane molecules, as long as any portion of the SRA is exposed at the exterior aspect 
of the plasma membrane of the cell in which the SRA occurs. In particularly preferred 
embodiments, the SRA is a cell surface molecule of known structure and having a known or 
described function, including but not limited to SRA having any of the receptor activities 
described in references cited for the following cell surface receptors: HERl {e.g, GenBank 
Accession Nos. U48722. SEG_HEGFREXS, K03193), HER2 (Yoshino et al., 1994 J. 
Immunol. 152:2393; Disis et al., 1994 Cane. Res. 54:16; see also, e.g, GenBank Acc. Nos. 
X03363. M17730, SEG_HUMHER20), HER3 (e.g., GenBank Acc. Nos. U29339, M34309), 
HER4 (Plowman et al., 1993 Nature 366:473; see also e.g, GenBank Acc. Nos. L07868, 
T64105), epidermal growth factor receptor (EGFR) (e.g, GenBank Acc. Nos. U48722, 
SEG_HEGFREXS, K03193), vascular endothelial cell growth factor(eg., GenBank No. 
M32977), vascular endothelial cell growth factor receptor (e.g, GenBank Acc. Nos. 
AF022375. 1680143. U4880L X62568), insulin-like growth factor-I {e.g, GenBank Acc. 
Nos. X00173, X56774, X56773, X06043, see also European Patent No. GB 2241703), 
insulin-like growth factor-II (e.g, GenBank Acc. Nos. X03562. X00910, SEG_HUMGFIA, 
SEG_HUMGFI2, M17863, M17862), transferrin receptor (Trowbridge and Omary, 1981 
Proc. Nat. Acad. USA 78:3039; see also e.g, GenBank Acc. Nos. X01060, Ml 1507), 
estrogen receptor (e.g., GenBank Acc. Nos. M38651. X03635. X99101, U47678, M12674), 
progesterone receptor (e.g, GenBank Acc. Nos. X51730, X69068, M15716), follicle 
stimulating hormone receptor (FSH-R) (e.g., GenBank Acc. Nos. Z34260, M65085), retinoic 
acid receptor (e.g, GenBank Acc. Nos. L12060. M60909, X77664. X57280, X07282, 
X06538), MUC-1 (Barnes et al., 1989 Proc. Nat. Acad. Sci. USA 86:7159; see also e.g., 
GenBank Acc. Nos. SEG_MUSMUCIO, M65132, M64928) NY-ESO-1 (e.g, GenBank Acc. 
Nos. AJ003149, U87459), NA 17-A {e.g, European Patent No. WO 96/40039), Melan- 
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A/MART-1 (Kawakami et al., 1994 Proc, NaL Acad ScL USA 91:3515; see also e,g,, 
GenBank Acc. Nos. U06654, U06452), tyrosinase (Topalian et al., 1994 Proa NaL Acad ScL 
USA 91:9461; see also e.g., GenBank Acc. Nos. M26729, SEG_HUMTYRO, see also Weber 
et al., J. Clin, Invest (1998) 702:1258), Gp-lOO (Kawakami et al., 1994 Proc. NaL Acad. ScL 
USA 91:3515; see also e.g.^ GenBank Acc. No. S73003, see also European Patent No. EP 
668350; Adema et ah. 1994 J. Biol Chem. 269:20126), MAGE (van den Bruggen et al., 1991 
Science 254:1643; see also e.g GenBank Acc. Nos. U93163, AF064589, U66083, D32077, 
D32076, D32075, U10694, U10693, U10691, U10690, U10689, U10688, U10687, U10686, 
U10685, L18877, U10340, U10339, L18920. U03735, M77481), BAGE (e.g., GenBank Acc. 
No. U19I80, see also U,S. Patent Nos. 5.683.886 and 5,57L711), GAGE {e.g, GenBank 
Acc. Nos. AF055475, AF055474, AF055473, U19147, U19146, U19145, U19144, U19143, 
U19142), any of the CTA class of receptors including in particular HOM-MEL-40 antigen 
encoded by the SSX2 gene (e.g, GenBank Acc. Nos. X86175, U90842, U90841, X86174), 
carcinoembyonic antigen (CEA, Gold and Freedman, 1985 J. Exp, Med. 121:439; see also 
e.g., GenBank Acc. Nos. SEG_HUMCEA, M59710, M59255, M29540), and PyLT (e.g., 
GenBank Acc. Nos. J02289, J02038). 

In other highly preferred embodiments the SRA is a protein, glycoprotein or 
peptide (including a polypeptide) capable of being expressed by a host cell such that it 
localizes to the cell surface. SRA that localize to the cell surface may do so by virtue of 
having naturally present or artificially introduced structural features that direct the SRA to the 
cell surface, including by way of illustration and not limitation, secretory signal sequences, 
leader sequences, hydrophobic transmembrane domains, cell surface receptor binding 
domains, extracellular matrix binding domains, or any other structural feature that causes the 
SRA to localize to the cell surface. Such features are well known to those of ordinary skill in 
the art, who will further be familiar with methods for introducing nucleic acid sequences 
encoding these features into the subject expression constructs by genetic engineering, and 
with routine testing of such constructs to verify cell surface localization of the product. SRA 
may be the products of genes endogenous to the host in which the vaccine is administered, or 
of heterologous genes, or of modified homologous or heterologous genes including genes 
encoding mutated or chimeric products {e.g., fusion proteins) constructed using recombinant 
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DNA methodologies, as known in the art and provided herein. Other SRA that are within the 
scope of the invention include SRA that are not proteins, glycoproteins or polypeptides, but 
that are structures the cell surface appearance of which may be directed by a suitable 
recombinant expression construct. For example, expression of defined carbohydrate cell 
surface antigens such as those present on specific glycolipids. glycoproteins, proteoglycans or 
the like, may be directed by one or more known enzyme(s) {e.g., glycosyltransferases) such 
that a vaccine according to the invention may comprise a recombinant expression construct 
comprising a nucleic acid sequence encoding such an enzyme. 

As also noted above, the DNA vaccines of the present invention, which alter 
the magnitude, duration and quality of immune responses directed at specific SRA. further 
comprise at least one nucleic acid sequence encoding an immune response altering molecule 
(IRAM). IRAM as used herein includes any molecule that is, or that is capable of functioning 
as, an immune system component the occurrence of which may be influenced either by 
modifying expression levels within cells and/or tissues known to express the component 
and/or by changing the expression patterns {e.g., cell type, tissue type, lymphocyte 
subpopulation) of the component such that the quality or quantity of a SRA specific immune 
response is altered. As described above, certain preferred embodiments of the present 
invention contemplate a vaccine for eliciting sustained high titers of antibodies specific for a 
cell SRA comprising at least one recombinant expression construct encoding an SRA, at least 
one IRAM that is a T cell agent and at least one IRAM that is an accessory cell agent. In 
certain other preferred embodiments the vaccine may comprise at least one recombinant 
expression construct encoding an SRA and one IRAM that may be either a T cell agent or an 
accessory cell agent. 

In certain highly preferred embodiments the IRAM is a protein, glycoprotein, 
peptide or polypeptide capable of being expressed by a host cell such that it localizes to the 
cell surface. IRAM that localize to the cell surface may do so by virtue of having naturally 
present or artificially introduced structural features that direct the IRAM to the cell surface, 
including by way of illustration and not limitation, secretory signal sequences, leader 
sequences, hydrophobic transmembrane domains, cell surface receptor binding domains, 
extracellular matrix binding domains, or any other structural feature that causes the IRAM to 
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localize to the cell surface. Such features are well known to those of ordinary skill in the art, 
who will further be familiar with methods for introducing nucleic acid sequences encoding 
these features into the subject expression constructs by genetic engineering, and with routine 
testing of such constructs to verify cell surface localization of the product. IRAM may be the 
products of genes endogenous to the host in which the vaccine is administered, or of 
heterologous genes, or of modified homologous or heterologous genes including genes 
encoding mutated or chimeric products (e.g., fusion proteins) constructed using recombinant 
DNA methodologies, as known in the art and provided herein. Other IRAM that are within 
the scope of the invention include IRAM that are not proteins, glycoproteins or polypeptides, 
but that are structures the cell surface appearance of which may be directed by a suitable 
recombinant expression construct. For example, expression of defined carbohydrate cell 
surface antigens such as those present on specific glycolipids, glycoproteins, proteoglycans or 
the like, may be directed by one or more known enzyme(s) {e.g., glycosyltransferases) such 
that a vaccine according to the invention may comprise a recombinant expression construct 
comprising a nucleic acid sequence encoding such an enzyme. 

In certain other preferred embodiments, the IRAM may be a soluble product 
that alters immune responses. Such soluble IRAM may be naturally occurring or artificially 
engineered variants of the cell surface IRAM described above, including isoforms of naturally 
occurring cell surface IRAM polypeptides that lack transmembrane domains or that contain 
processing sites such as protease cleavage sites that permit their liberation from cell surfaces. 
In other embodiments, soluble IRAM may include naturally occurring or artificially 
engineered variants (including, e.g., recombinant fusion proteins as provided herein) that 
typically are produced as soluble secreted or released products. Examples of such soluble 
IRAM include but need not be limited to cytokines, lymphokines, chemokines, motility 
factors, growth factors, hematopoietic factors, chemotactic factors, hormones, peptides and 
the like. Other soluble IRAM that are within the scope of the invention include IRAM that 
are not proteins, glycoproteins or polypeptides, but that are soluble mediators the appearance 
of which may be directed by a suitable recombinant expression construct. For example, 
expression of defined lipid mediators such as those derived from arachidonic acid, or other 
mediators, may be directed by one or more known enzyme(s) (e.g., cyclooxygenases such as 
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COXl and COX2, 5 '-lipoxygenase) such that a vaccine according to the invention may 
comprise a recombinant expression construct comprising a nucleic acid sequence encoding 
such an enzyme. 

As provided herein, an IRAM that is a T cell agent refers to a molecule 
typically produced by T cells, including but not limited to T cell surface molecules, secreted 
T cell soluble products or intracellular T cell components, that participates in any molecular 
or cellular event leading to a host immune response. These immune functions may include, 
for example, intermolecular recognition and/or binding events; immune cell/ immunocyte 
induction and/or activation; immune cell-cell or molecule-cell interactions such as ceil 
stimulation, intercellular signaling, transmembrane or intracellular signal transduction; 
initiation of specific transcriptional or translational activity; initiation of specific metabolic, 
catabolic, respiratory, cytoskeletal or motility, mitotic or apoptotic behavior: or any other 
molecular or cellular event associated with the generation of a host immune response. 
According to the present invention, an IRAM that is a T cell agent need not naturally be 
expressed exclusively by T cells. Additionally, according to the present invention an IRAM 
that is a T cell agent encoded by a recombinant expression construct of the subject vaccine 
need not be expressed exclusively by T cells of the host immunized using the subject vaccine, 
regardless of whether or not the T cell agent is ordinarily a gene product expressed uniquely 
in T cells, so long as the T cell agent encoded by the nucleic acid delivered in the vaccine 
provided has the effect of qualitatively or quantitatively altering a cell SRA specific immune 
response. 

In particularly preferred embodiments, the T cell agent is a T cell surface 
molecule of known structure and having a known or described function, including but not 
limited to T cell agents having any of the T cell activation, adhesion, receptor/recognition, 
enzymatic or other activities described in references cited for the following cell surface 
receptors: CD2 {e.g., GenBank Acc. Nos. Y00023, SEG_HUMCD2, M16336, M16445, 
SEG__MUSCD2, M14362), 4-1 BB (CDwl37, Kwon et aL, 1989 Proc, Nat. Acad. ScL USA 
86:1963, 4-lBB ligand (Goodwin et al., 1993 Eur. J. Immunol, 23:2361; Melero et aL, 1998 
Eur J. Immunol. 3:116), CDS {e.g., GenBank Acc. Nos. X78985, X89405), CDIO {e.g, 
GenBank Acc. Nos. M8159K X76732) CD27 {e.g, GenBank Acc. Nos. M63928, L24495, 
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L08096), CD28 (June et al., 1 990 Immunol. Today 11 :2 1 1 : see also, e,g. , GenBank Ace, Nos. 
J02988, SEG„HUMCD28, M34563), CTLA-4 (e.g , GenBank Acc. Nos. L15006, X05719, 
SEG_HUMIGCTL), CD40 GenBank Acc. Nos. M83312. SEG_MUSC040A0, Y10507, 
X67878, X96710. U15637. L07414), interferon-y (IFN-y; see, e.g.. Farrar et al. 1993 Ann. 
Rev, Immunol. 11:571 and references cited therein. Gray et al. 1982 Nature 295:503, 
Rinderknecht et al. 1984 J. BioL Chem. 259:6790, DeGrado et al. 1982 Nature 300:379), 
interleukin-4 (IL-4; see, e.g., 53''^ Forum in Immunology, 1993 Research in Immunol 
144:553-643: Banchereau et al., 1994 in The Cytokine Handbook, 2"^ ed., A. Thomson, ed.. 
Academic Press, NY, p. 99; Keegan et al., 1994 J Leukocyt. Biol. 55:272, and references 
cited therein), interleukin- 1 7 (IL-17) {e.g., GenBank Acc. Nos. U32659. U43088) and 
interleukin-17 receptor (IL-17R) {e.g., GenBank Acc. Nos. U31993, U58917). 

As provided herein, an IRAM that is an accessory cell agent refers to a 
molecule typically produced by any of a number of cell types referred to herein as accessory 
cells, with which T cells interact during the course of an immune response, including but not 
limited to monocytes, macrophages, dendritic cells, B cells or any cell capable of antigen 
presenting cell (APC) function, which may further include by way of illustration and not 
limitation, keratinocytes, endothelial cells, astrocytes, glial cells, reticuloendothelial cells 
such as those of the bone marrow, spleen and lymph nodes, fibroblasts, epithelial cells, 
muscle cells and T cells. As used herein, accessory cells may or may not have been 
experimentally modified, for example, by gene transfer, to increase their ability to present 
antigen. IRAM on any of these or other accessory cell types with which T cells interact may 
include accessory cell surface molecules, secreted accessory cell soluble products or 
intracellular accessory cell components, that participate in any molecular or cellular event 
leading to a host immune response. These immune functions may include, for example, 
intermolecular recognition and/or binding events; immune cell/ immunocyte induction and/or 
activation; immune cell-cell or molecule-cell interactions such as cell stimulation, 
intercellular signaling, transmembrane or intracellular signal transduction: initiation of 
specific transcriptional or translational activity; initiation of specific metabolic, catabolic, 
respiratory, cytoskeletal or motility, mitotic or apoptotic behavior; or any other molecular or 
cellular event associated with the generation of a host immune response. In certain preferred 
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embodiments these immune functions are associated with APC activity, and in certain other 
preferred embodiments these immune functions are associated with T lymphocyte activation. 
Additionally, in certain other preferred embodiments these functions are associated with B 
lymphocyte stimulation, and in certain other preferred embodiments these functions are 
associated with intercellular adhesion. According to the present invention, an IRAM that is 
an accessory cell agent need not naturally be expressed exclusively by accessory cells. 
Additionally, according to the present invention an IRAM that is an accessory cell agent 
encoded by a recombinant expression construct of the subject vaccine need not be expressed 
exclusively by accessory cells of the host immunized using the subject vaccine, regardless of 
whether or not the accessory cell agent is ordinarily a gene product expressed uniquely in 
accessory cells, so long as the accessory cell agent encoded by the nucleic acid delivered in 
the vaccine provided has the effect of qualitatively or quantitatively altering a cell SRA 
specific immune response. 

Thus, in particularly preferred embodiments, the accessory cell agent is an 
accessory cell surface molecule of known structure and having a known or described 
function, including but not limited to accessory cell agents having any of the immune cell 
activation, adhesion, receptor/recognition, enzymatic or other activities described in 
references cited for the following cell surface receptors: CD59 (e.g., GenBank Acc. Nos. 
SEG_HUMCD590. M95708, M34671), CD48 {e.g., GenBank Acc. Nos. M59904), 
CD58/LFA-3 (e.g., GenBank Acc. No. A25933, Y00636. E12817; see also JP 1997075090- 
A) , CD72 {e.g., GenBank Acc. Nos. AA3 11036, S40777. L35772), CD70 (e.g., GenBank 
Acc. Nos. Y13636, S69339), CD80/B7.1 (Freeman et al.. 1989 J. Immunol. 43:2714; 
Freeman et al., 1991 J. Exp. Med. 174:625; see also e.g., GenBank Acc. Nos. U33208, 
1683379), CD86/B7.2 (Freeman et al.. 1993 J. Exp. Med. 178:2185. Boriello et al., 1995 J. 
Immunol. 155:5490; see also, e.g, GenBank Acc. Nos. AF099105, SEG_MMB72G, U39466, 
U04343, SEG_HSB725. L25606, L25259), CD40 ligand {e.g, GenBank Acc. Nos. 
SEG_HUMCD40L, X67878. X65453. L07414), IL-17 {e.g., GenBank Acc. Nos. U32659, 
U43088), CD43 {e.g., GenBank Acc. Nos. X52075, J04536) and VLA-4 (a4p7) (e.g., 
GenBank Acc. Nos. L12002, X16983. L20788, U97031, L24913, M68892, M95632). 
Accessory cell agents may also include any of the following cell surface receptors typically 
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associated with B cells: CD19 (e.g,. GenBank Acc, Nos. SEG_HUMCD19W0, M84371, 
SEG_MUSCD19W, M62542X CD20 {e.g., GenBank Acc. Nos. SEG_HUMCD20, M62541), 
CD22 (e.g., GenBank Acc. Nos. 1680629, Y10210. X59350, U6263L X52782, L16928), 
CD30 ligand (e.g. GenBank Acc. Nos. L09753, M83554), CD37 (e.g., GenBank Acc. Nos. 
SEG_MMCD37X, X14046, X53517), CD106 (VCAM-1) (e.g., GenBank Acc. Nos. X53051, 
X67783, SEG_MMVCAM1C, see also U.S. Patent No. 5,596,090), CD54 (ICAM-1) (e.g, 
GenBank Acc. Nos. X84737, S82847, X06990, J03132, SEG_MUSICAMO), interleukin- 1 2 
(see, e.g., Reiter et al, 1993 Crit. Rev. Immunol. 13: K and references cited therein). 
Accessory cell agents may also include any of the following cell surface receptors typically 
associated with dendritic cells: CD83 (e.g, GenBank Acc. Nos. AF001036, AL021918), 
DEC-205 (e.g, GenBank Acc. Nos. AF011333, U19271). 

Without wishing to be bound by theory, the vaccines of the present invention 
are believed to provide nucleic acid sequences encoding SRA and IRAM (or the SRA and 
IRAM products themselves) in a manner that favors the elicitation of SRA specific antibody 
titers of high magnitude, duration and/or quality. It further appears that the subject invention 
vaccine promotes uptake and expression of the recombinant expression constructs provided 
herein by host cells that are, or are induced to become, contributors to a host immune 
response directed against SRA epitopes. Thus one or more cell types in the host may be 
induced by the subject invention vaccine to express one or more of a SRA and an IRAM that 
are provided by the vaccine, and in preferred embodiments a SRA and one each of an IRAM 
that is a T cell agent and an IRAM that is an accessory cell agent. The number of cell types 
in the host that are influenced to express SRA and/or IRAM may be highly variable. It 
appears, however, that providing a vaccine capable of directing expression of a SRA and at 
least one IRAM, and in preferred embodiments two IRAM including a T cell agent and an 
accessory cell agent, produces the unexpected result of a humoral response directed against 
the SRA. As such, the present invention vaccine may generate spatiotemporally coordinated 
expression of (i) a target antigen (SRA), (ii) a stimulus of T lymphocyte activity such as 
helper T cell function (e.g., T cell agent IRAM) and (iii) a mediator of accessory cell function 
such as a T cell costimulus (e.g., a second T cell agent or an accessory cell agent IRAM) or 
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an antigen presenting cell activity (e.g.. an accessory cell agent IRAM), which may be 
generally regarded as requirements for optimal antibody responses under certain conditions. 

Thus, according to certain particularly preferred embodiments of the 
invention, there will be certain especially useful combinations of at least two T cell agent 
IRAM. or of at least one each of a T cell agent IRAM and an accessory cell agent IRAM, that 
may be encoded along with a desired target SRA by the expression constructs of the subject 
vaccine. Examples of preferred IRAM that may be used in these combinations are presented 
in Tables 1 and 2. but it should be understood that the invention is in no way limited to these 
particular IRAM. Further, it should be understood that any combination of any IRAM as 
defined herein, regardless of whether such IRAM are included in Tables 1 and 2. is within the 
scope of the invention, as is any combination of IRAM from within Table 1, from within 
Table 2, or any other IRAM combination. Moreover, the person having ordinary skill in the 
art will appreciate that different IRAM combinations may be particularly preferred for 
different uses as provided herein, such that, as described above, certain of the SRA vaccines 
are useful for enhancing an immune response (and in particular an antigen-specific humoral 
immune response) while certain other SRA vaccines will be useful for moderating, 
suppressing or otherwise regulating an immune response. Using the compositions and 
methods provided herein, those skilled in the art can readily determine the effect upon an 
immune response of a particular SRA vaccine by employing routine methodologies. 

TABLE 1 
IRAM For Use In Combinations 

CD80/B7.1 

CD86/B7.2 

CD40 ligand 

CD58 +CD59 
CDI06A^CAM-1 
CD54/ICAM-1 
CD30 ligand 
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TABLE 2 
IRAM For Use In Combinations 

4- IBB ligand 

IL-12 (interleukin-12) 

IL-4 

IFN-Y 

IL-17 



Thus, in certain preferred embodiments the SRA vaccine includes sequences 
encoding the IRAM (or the expressed products) 4- IBB ligand and CD86. In another 
preferred embodiment the SRA vaccine includes sequences encoding the IRAM (or the 
expressed products) 4- IBB ligand and CD80, and in another preferred embodiment the SRA 
vaccine includes sequences encoding the IRAM (or the expressed products) 4- IBB ligand and 
CD86. In other embodiments, the sequences encoding IRAM may encode one or more of a 
cytokine, a lymphokine or a chemokine, such that these IRAM may be combined with other 
IRAM provided herein. For example, a SRA vaccine of the present invention may include 
genes encoding cell surface IRAM such as those of Table 1 in combination with one or more 
of the soluble IRAM IFN-y, IL-4, IL-12 or IL-17. 

Determination of the induction of an immune response by the vaccines of the 
present invention may be established by any of a number of well known immunological 
assays with which those having ordinary skill in the art will be readily familiar. As described 
above, such assays include, but need not be limited to, to in vivo or m vitro determination of: 
soluble antibodies; soluble mediators such as cytokines, lymphokines. chemokines, 
hormones, grov/th factors and the like as well as other soluble small peptide, carbohydrate, 
nucleotide and/or lipid mediators; cellular activation state changes as determined by altered 
functional or structural properties of cells of the immune system, for example cell 
proliferation, altered motility, induction of specialized activities such as specific gene 
expression or cytolytic behavior; cellular differentiation by cells of the immune system, 
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including altered surface antigen expression profiles or the onset of apoptosis (programmed 
cell death). Procedures for performing these and similar assays are widely known and may be 
found, for example in Lefkovits {Immunology Methods Manual: The Comprehensive 
Sourcebook of Techniques. 1998: see also Current Protocols in Immunology^ see also, e.g., 
Weir, Handbook of Experimental Immunology, 1986 Blackwell Scientific, Boston, MA; 
Mishell and Shigii (eds.) Selected Methods in Cellular Immunology, 1979 Freeman 
Publishing, San Francisco, CA; Green and Reed, 1998 Science 281:1309 and references cited 
therein.)- 

Detection of the proliferation of SRA reactive T cells may be accomplished by 
a variety of known techniques. For example, T cell proliferation can be detected by 
measuring the rate of DNA synthesis, and SRA specificity can be determined by controlling 
the stimuli (such as, for example, SRA or control antigen-pulsed antigen presenting cells) to 
which candidate SRA reactive T cells are exposed. T cells which have been stimulated to 
proliferate exhibit an increased rate of DNA synthesis. A typical way to measure the rate of 
DNA synthesis is, for example, by pulse-labeling cultures of T cells with tritiated thymidine, 
a nucleoside precursor which is incorporated into newly synthesized DNA. The amount of 
tritiated thymidine incorporated can be determined using a liquid scintillation 
spectrophotometer. Other ways to detect T cell proliferation include measuring increases in 
interleukin-2 (IL-2) production, Ca'^ flux, or dye uptake, such as 3-(4,5-dimethylthiazol-2- 
yl)-2,5-diphenyl-tetrazolium. Alternatively, synthesis of lymphokines (such as interferon- 
gamma) can be measured or the relative number of T cells that can respond to intact SRA 
may be quantified. 

Detection of SRA specific antibody producfion may be achieved, for example, 
by assaying a sample (e.g., an immunoglobulin containing sample such as serum, plasma or 
blood) from a host treated with a vaccine according to the present invention using in vitro 
methodologies such as radioimmunoassay (RJA), enzyme linked immunosorbent assays 
(ELISA), equilibrium dialysis or solid phase immunoblotting including Western blotting. In 
preferred embodiments ELISA assays may further include antigen-capture immobilizafion of 
the SRA target antigen with a solid phase monoclonal antibody specific for the SRA, for 
example, to enhance the sensitivity of the assay. 



wo 00/29582 



PCT/US99/27404 



19 

Any number of other immunological parameters may be monitored using 
routine assays that are well known in the art. These may include, for example, antibody 
dependent cell-mediated cytotoxicity (ADCC) assays, secondary in vitro antibody responses, 
flow immunocytofluorimetric analysis of various peripheral blood or lymphoid mononuclear 
cell subpopulations using well established marker antigen systems, immunohistochemistry or 
other relevant assays. These and other assays may be found, for example, in Rose et al. 
(Eds.), Manual of Clinical Laboratory Immunology, 5" Ed., 1997 American Society of 
Microbiology, Washington, DC. 

As described above, the present invention provides vaccines comprising 
recombinant expression vectors capable of directing the expression of SRA and IRAM having 
amino acid sequences that are known in the art and that are encoded by previously disclosed 
nucleic acid sequences. The "amino acids." which occur in the various amino acid sequences 
referred to herein, are identified according to their well known three letter or one letter 
abbreviations. The nucleotides, which occur in the various DNA sequences or fragments 
thereof referred herein, are designated with the standard single letter designations used 
routinely in the art. A given amino acid sequence may also encompass similar amino acid 
sequences having only minor changes, for example by way of illustration and not limitation, 
covalent chemical modifications, insertions, deletions and substitutions, which may further 
include conservative substitutions. Amino acid sequences that are similar to one another may 
share substantial regions of sequence homology. In like fashion, nucleotide sequences may 
encompass substantially similar nucleotide sequences having only minor changes, for 
example by way of illustration and not limitation, covalent chemical modifications, 
insertions, deletions and substitutions, which may further include silent mutations owing to 
degeneracy of the genetic code. Nucleotide sequences that are similar to one another may 
share substantial regions of sequence homology. 

As used herein, to "bind to a receptor" refers to the ability of a ligand to 
specifically recognize and detectably bind to a receptor, as assayed by standard, e.g., in vitro 
assays. 

The present invention further relates to constructs encoding surface receptor 
antigen (SRA) and immune response altering molecule (IRAM) polypeptides, and in 
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particular to methods for administering recombinant constructs encoding SRA or IRAM 
C'SRA/IRAM^O polypeptides that may be expressed, for example, on the surfaces of cells in a 
host, as well as fragments, analogs and derivatives of such polypeptides. The terms 
"fragment." "derivative*^ and "analog" w^hen referring to SRA/IRAM polypeptides or fusion 
proteins, refers to any SRA/IRAM polypeptide or fusion protein that retains essentially the 
same biological function or activity as such polypeptide. Thus, an analog includes a 
proprotein which can be activated by cleavage of the proprotein portion to produce an active 
SRA/IRAM polypeptide. 

A fragment, derivative or analog of an SRA/IRAM polypeptide or fusion 
protein, including SRA/IRAM polypeptides or fusion proteins encoded by the cDNAs 
referred to herein, may be (i) one in which one or more of the amino acid residues are 
substituted with a conserved or non-conserved amino acid residue (preferably a conserved 
amino acid residue) and such substituted amino acid residue may or may not be one encoded 
by the genetic code, or (ii) one in which one or more of the amino acid residues includes a 
substituent group, or (iii) one in which additional amino acids are fused to the SRA/IRAM 
polypeptide, including amino acids that are employed for detection or specific functional 
alteration of the SRA/IRAM polypeptide or a proprotein sequence. Such fragments, 
derivatives and analogs are deemed to be within the scope of those skilled in the art from the 
teachings herein. 

The polypeptides of the present invention include SRA/IRAM polypeptides 
and fusion proteins having amino acid sequences that are identical or similar to sequences 
known in the art. For example by way of illustration and not limitation, the human HER2 
SRA, CD86 IRAM and 4-lBB ligand IRAM polypeptides (HER2: e.g., GenBank Acc. Nos. 
X03363, M17730, SEG_HUMHER20; CD86/B7.2: Freeman et aL, 1993 J. Exp. Med 
178:2185, Boriello et aL, 1995 J. Immunol. 155:5490; see also, e.g., GenBank Acc. Nos. 
AF099105, SEG_MMB72G, U39466, U04343, SEG_HSB725, L25606, L25259; 4-lBB 
ligand: Goodwin et aL, 1993 Eur. J. Immunol, 23:2361; Melero et aL, 1998 Euk J. Immunol. 
3:116), are contemplated for use according to the instant invention, as are polypeptides 
having at least 70% similarity (preferably a 70% identity) and more preferably 90% similarity 
(more preferably a 90% identity) to the reported polypeptides and still more preferably a 95% 
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similarity (still more preferably a 95% identity) to the reported polypeptides and to portions 
of such polypeptides, wherein such portions of an SRA/IRAM polypeptide generally contain 
at least 30 amino acids and more preferably at least 50 amino acids. 

As known in the art "similarity" between two polypeptides is determined by 
comparing the amino acid sequence and conserved amino acid substitutes thereto of the 
polypeptide to the sequence of a second polypeptide. Fragments or portions of the nucleic 
acids encoding polypeptides of the present invention may be used to synthesize full-length 
nucleic acids of the present invention. As used herein, identity" refers to the percentage 
of identical amino acids situated at corresponding amino acid residue positions when two or 
more polypeptide are aligned and their sequences analyzed using a gapped BLAST algorithm 
{e.g., Altschul et al., 1997 NucL Ac. Res. 25:3389) which weights sequence gaps and 
sequence mismatches according to the default weightings provided by the National Institutes 
of Health/ NCBI database (Bethesda, MD; see www.ncbi.nlm.nih.gov/cgi-bin/BLAST/nph- 
newblast). 

The term "isolated" means that the material is removed from its original 
environment {e.g., the natural environment if it is naturally occurring). For example, a 
naturally occurring nucleic acid or polypeptide present in a living animal is not isolated, but 
the same nucleic acid or polypeptide, separated from some or all of the co-existing materials 
in the natural system, is isolated. Such nucleic acids could be part of a vector and/or such 
nucleic acids or polypeptides could be part of a composition, and still be isolated in that such 
vector or composition is not part of its natural environment. 

The term "gene" means the segment of DNA involved in producing a 
polypeptide chain; it includes regions preceding and following the coding region "leader and 
trailer" as well as intervening sequences (introns) between individual coding segments 
(exons). 

As described herein, the invention provides SRA (or IRAM) fusion proteins 
encoded by nucleic acids that have the SRA (or IRAM) coding sequence fused in frame to an 
additional coding sequence to provide for expression of a SRA (or IRAM) polypeptide 
sequence fused to an additional functional or non-functional polypeptide sequence that 
permits, for example by way of illustration and not limitation, detection, functional alteration, 
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isolation and/or purification of the SRA (or IRAM) fusion protein. Such SRA (or IRAM) 
fusion proteins may permit functional alteration by containing additional polypeptide 
sequences that influence SRA (or IRAM) behavior, for example by providing a desirable 
modified SRA(or IRAM) conformation that may enhance or impair particular SRA(or IRAM) 
interactions w^ith cells and molecules of the immune system, with which it may interact in the 
course of eliciting an immune response. 

For example, by way of illustration and not limitation, in certain SRA/IRAMs 
it may be desirable to include amino acid sequences (including glycosylation sites where 
appropriate) that are recognized by intercellular adhesion receptors such as specific leukocyte 
integrins, selectins. immunoglobulin gene superfamily members, intercellular adhesion 
molecules (ICAM-1, -2, -3) and the like. In certain instances, such sequences may comprise 
polypeptide domains having known functions, for example, extracellular domains of cell 
surface molecules that participate in antigen presentation to T cells or other T cell activation/ 
co-stimulation motifs, as described above. In certain other SRA/IRAM, glycosylation sites 
for the posttranslational addition of N-linked oligosaccharides (e.g., Asn-X-Ser/Thr) or O- 
linked oligosacharides (e.g., Ser/Thr) may be included. For certain other SRA/IRAM 
encoded by the vaccine constructs contemplated by the present invention, fusion protein 
domains having desired functional properties can be included that may be, for example by 
way of illustration and not limitation, transmembrane receptor cytoplasmic domain 
sequences such as G-protein binding, receptor associated kinase {e.g., fyn, Ick etc.) binding, 
directly or indirectly cytoskeletal interacting or other signal transducing domains; 
transmembrane domains; cell surface receptor extracellular domains such as cytokine, growth 
factor and chemokine binding domains, extracellular matrix receptor domains or tethered 
ligand receptor {e.g., thrombin receptor) type domains; or any other useful functional 
polypeptide domain, or a variant thereof. 

Thus, any SRA or IRAM encoded by the recombinant expression constructs 
provided by the present invention for use herein in a vaccine for eliciting sustained high titers 
of antibodies specific for a cell SRA may be customized for a particular application. Briefly, 
additions, substitutions and deletions of amino acids may be produced by any commonly 
employed recombinant DNA method. 
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Modification of the polypeptide may be effected by any means known to those 
of skill in this art. The preferred methods herein rely on modification of DNA encoding the 
polypeptide and expression of the modified DNA. DNA encoding one of the SRA/IRAM 
discussed above may be mutagenized using standard methodologies, including those 
described below. For example, cysteine residues that may be useful to faciUtate multimer 
formation or to promote particular molecular conformation can be added to a polypeptide. 
Conversely, cysteine residues that are responsible for aggregate formation may be deleted or 
replaced. If necessary, the identity of cysteine residues that contribute to aggregate formation 
may be determined empirically, by delefing and/or replacing a cysteine residue and 
ascertaining whether the resulting protein aggregates in solutions containing physiologically 
acceptable buffers and salts. In addifion. fragments of SRA/IRAM may be constructed and 
used. As noted above, the counterreceptor/ ligand binding domains for many candidate 
SRA/IRAM have been delineated, such that one having ordinary skill in the art may readily 
select appropriate polypeptide domains for inclusion in the encoded products of the instant 
vaccine constructs. 

Conservative substitutions of amino acids are well-known and may be made 
generally without altering the biological activity of the resulting SRA or IRAM molecule. 
For example, such substitutions are generally made by interchanging within the groups of 
polar residues, charged residues, hydrophobic residues, small residues, and the like. If 
necessary, such substitutions may be determined empirically merely by testing the resulting 
modified SRA or IRAM protein for the ability to bind to the appropriate cell surface receptors 
in in vitro biological assays, or to bind to appropriate antibodies. Those that retain this ability 
are suitable for use in the vaccines and methods herein. 

As noted above, vaccines comprising expression constructs encoding SRA and 
IRAM that are suitable for use herein are able to induce an immune response in a host that 
elicits sustained high titers of SRA specific antibodies. However, some SRA or IRAM may 
have undesirable biological activities, for example those that are mitogens for inappropriate 
cell types such as cells that do not contribute to the generation of a SRA specific antibody 
response. When present, the structural region of such a candidate SRA or IRAM responsible 
for inducing mitogenesis or any other such undesirable biological activity may be altered in a 
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manner that removes the unwanted activity without ablating the abihty to induce the desired 
humoral immunity. Examples of suitable structural alteration may include, but need not be 
limited to. deletion of one or more nucleotides from the appropriate region of a SRA/ IRAM 
encoding DNA construct, mutation of nucleotides encoding one or more key amino acid 
residues upon which the unwanted biological activity depends, or genetically removing an 
entire domain encoding nucleotide sequence to remove the undesirable activity and in its 
place substituting a functionally innocuous domain encoding sequence. 

If the SRA/IRAM has been modified so as to lack particular biological 
activities, specific antibody binding (e.g., for SRA) and T cell stimulation/ co-stimulation or 
accessory ceil function (e.g.. for IRAM) may still be readily assayed by antibody assays such 
as those provided above, or by any of a number of established in vitro assays for IRAM 
activity that are known in the art and that will further depend on the nature of the particular 
IRAM. 

The vaccines of the present invention also provide constructs encoding 
SRA/IRAM that may be targeted to a cell membrane, and in particular to a host cell plasma 
membrane, according to known membrane localization polypeptide motifs which may be 
naturally present or artificially introduced into the nucleic acid sequences encoding 
SRA/IRAM. A cell membrane as used herein may be any cellular membrane, and typically 
refers to membranes that are in contact with cytosolic components, including especially the 
plasma membrane and also intracellular membrane bounded compartments such as 
intracellular vesicles, endosomes, lysosomes, receptosomes, ER-Golgi constituents and other 
organelles. Hence, in preferred embodiments, an SRA/IRAM protein or fusion protein may 
be targeted to a plasma membrane. In other preferred embodiments, for example, 
recombinant expression constructs according to the invention vaccine may encode 
SRA/IRAM proteins fusion proteins that contain polypeptide sequences that direct the fusion 
protein to be incorporated into a heterologous plasma membrane component, to associate 
with a specific cytoplasmic component including the cytoplasmic domain of a transmembrane 
ceil surface receptor or to be directed to a particular subcellular location by any of a variety of 
known intracellular protein sorting mechanisms with which those skilled in the art will be 
familiar. These and related embodiments are encompassed by the instant compositions and 
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methods directed to targeting a polypeptide of interest to a predefined intracellular, membrane 
or extracellular localization. 

Accordingly, the SRA/IRAM-encoding constructs of the present invention 
may include genes that encode SRA/IRAM that are secreted, or that are not secreted, or that 
are targeted for localization to specific subcellular compartments within the cell. Nucleic 
acid sequences encoding peptides that direct intracellular sorting of newly synthesized 
polypeptides to secretory pathways or to residence in particular intracellular compartments 
are known and are within the scope of the present invention. 

Thus, for example, nucleic acid constructs that encode SRA/IRAM may 
contain sequences encoding peptides that direct an encoded SRA/IRAM to be incorporated 
into the plasma membrane, to be secreted from a cell via the classical ER-Golgi secretory 
pathway, to associate with a specific cytoplasmic component including the cytoplasmic 
domain of a transmembrane cell surface receptor or to be directed to a particular subcellular 
location by a known intracellular protein sorting mechanism with which those skilled in the 
art will be familiar. Such intracellular protein sorting peptide sequences may also be present 
in ligands or nucleic acid binding domains that are provided by the present invention. 

The present invention further relates to nucleic acids which hybridize to 
SRA/IRAM encoding polynucleotide sequences as provided herein, as incorporated by 
reference or as will be readily apparent to those familiar with the art, if there is at least 70%, 
preferably at least 90%, and more preferably at least 95% identity between the sequences. 
The present invention particularly relates to nucleic acids which hybridize under stringent 
conditions to the SRA/IRAM encoding nucleic acids referred to herein. As used herein, the 
term "stringent conditions" means hybridization will occur only if there is at least 95% and 
preferably at least 97%) identity between the sequences. The nucleic acids which hybridize to 
SRA/IRAM encoding nucleic acids referred to herein, in preferred embodiments, encode 
polypeptides which retain substantially the same biological function or activity as the 
SRA/IRAM polypeptides encoded by the cDNAs of the references cited herein. 

As used herein, to "hybridize" under conditions of a specified stringency is 
used to describe the stability of hybrids formed between two single-stranded nucleic acid 
molecules. Stringency of hybridization is typically expressed in conditions of ionic strength 
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and temperature at which such hybrids are annealed and washed. Typically "high", 
"medium" and "low" stringency encompass the following conditions or equivalent conditions 
thereto: high stringency: 0.1 x SSPE or SSC, 0.1% SDS, 65°C; medium stringency: 0.2 x 
SSPE or SSC, 0.1% SDS. 50°C; and low stringency: 1.0 x SSPE or SSC, 0.1% SDS, 50^C. 

The nucleic acids of the present invention may be in the form of RNA or in the 
form of DNA, which DNA includes cDNA, genomic DNA, and synthetic DNA. The DNA 
may be double-stranded or single-stranded, and if single stranded may be the coding strand or 
non-coding (anti-sense) strand. A coding sequence which encodes an SRA/IRAM 
polypeptide for use according to the invention may be identical to the coding sequence known 
in the art for any given SRA/IRAM, or may be a different coding sequence, which, as a result 
of the redundancy or degeneracy of the genetic code, encodes the same SRA/IRAM 
polypeptide. 

The nucleic acids which encode SRA/IRAM polypeptides for use according to 
the invention may include, but are not limited to: only the coding sequence for the 
SRA/IRAM polypeptide: the coding sequence for the SRA/IRAM polypeptide and additional 
coding sequence; the coding sequence for the SRA/IRAM polypeptide (and optionally 
additional coding sequence) and non-coding sequence, such as introns or non-coding 
sequences 5' and/or 3' of the coding sequence for the SRA/IRAM polypeptide, which for 
example may further include but need not be limited to one or more regulatory nucleic acid 
sequences that may be a regulated or regulatable promoter, enhancer, other transcription 
regulatory sequence, repressor binding sequence, translation regulatory sequence or any other 
regulatory nucleic acid sequence. Thus, the term "nucleic acid encoding" a SRA or IRAM 
encompasses a nucleic acid which includes only coding sequence for a SRA/IRAM 
polypeptide as well as a nucleic acid which includes additional coding and/or non-coding 
sequence(s). 

Nucleic acids and oligonucleotides for use as described herein can be 
synthesized by any method known to those of skill in this art (see, e.g., WO 93/01286, U.S. 
Application Serial No. 07/723,454; U.S. Patent No. 5,218,088; U.S. Patent No. 5,175,269; 
U.S. Patent No. 5,109,124). Identification of oligonucleotides and nucleic acid sequences for 
use in the vaccines provided by the present invention involves methods well known in the art. 
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For example, the desirable properties, lengths and other characteristics of useful 
oligonucleotides are well known. In certain embodiments, synthetic oligonucleotides and 
nucleic acid sequences may be designed that resist degradation by endogenous host cell 
nucleolytic enzymes by containing such linkages as: phosphorothioate, methylphosphonate, 
sulfone, sulfate, ketyl, phosphorodithioate, phosphoramidate, phosphate esters, and other such 
linkages that have proven useful in antisense applications {see, e.g., Agrwal et al., 
Tetrehedron Lett. 25:3539-3542 (1987); Miller et al., J. Am, Chem, Soc. 93:6657-6665 
(1971); Stec et aL, Tetrehedron Lett. 26:2\9\-2\94 (1985); Moody et al., NucL Acids Res. 
72:4769-4782 (1989); Uznanski et aL, NucL Acids Res. (1989); Letsinger et al.. Tetrahedron 
-^0:137-143 (1984); Eckstein, Annu. Rev. Biochem. j-/:367-402 (1985); Eckstein, Trends BioL 
Sci. 7-/:97-100 (1989); Stein In: Oligodeoxymicleotides. Antisense Inhibitors of Gene 
Expression, Cohen, Ed, Macmillan Press, London, pp. 97-117 (1989); Jager et aL, 
Biochemistry 27:7237-7246 (1988)). 

In one embodiment, the present invention provides truncated cell SRA and/or 
IRAM, and in another aspect the invention provides nucleic acids encoding truncated cell 
SRA and/or IRAM. A truncated molecule may be any molecule that comprises less than a 
full length version of the molecule. Truncated molecules provided by the present invention 
may include truncated biological polymers, and in preferred embodiments of the invention 
such truncated molecules may be truncated nucleic acid molecules or truncated polypeptides. 
Truncated nucleic acid molecules have less than the full length nucleotide sequence of a 
known or described nucleic acid molecule, where such a known or described nucleic acid 
molecule may be a naturally occurring, a synthetic or a recombinant nucleic acid molecule, so 
long as one skilled in the art would regard it as a full length molecule. Thus, for example, 
truncated nucleic acid molecules that correspond to a gene sequence contain less than the full 
length gene where the gene comprises coding and non-coding sequences, promoters, 
enhancers and other regulatory sequences, flanking sequences and the like, and other 
functional and non- functional sequences that are recognized as part of the gene. In another 
example, truncated nucleic acid molecules that correspond to a mRNA sequence contain less 
than the full length mRNA transcript, which may include various translated and non- 
translated regions as well as other functional and non-functional sequences. In other 
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preferred embodiments, truncated molecules are polypeptides that comprise less than the full 
length amino acid sequence of a particular protein. As used herein "deletion" has its common 
meaning as understood by those familiar with the art, and may refer to molecules that lack 
one or more of a portion of a sequence from either terminus or from a non-terminal region, 
relative to a corresponding full length molecule, for example, as in the case of truncated 
molecules provided herein. Truncated molecules that are linear biological polymers such as 
nucleic acid molecules or polypeptides may have one or more of a deletion from either 
terminus of the molecule or a deletion from a non-terminal region of the molecule, where 
such deletions may be deletions of 1-1500 contiguous nucleotide or amino acid residues, 
preferably 1-500 contiguous nucleotide or amino acid residues and more preferably 1-300 
contiguous nucleotide or amino acid residues. In certain particularly preferred embodiments 
truncated nucleic acid molecules may have a deletion of 270-330 contiguous nucleotides. In 
certain other particularly preferred embodiments truncated polypeptide molecules may have a 
deletion of 80-140 contiguous amino acids. 

The present invention further relates to variants of the herein referenced 
nucleic acids which encode fragments, analogs and/or derivatives of a SRA/IRAM 
polypeptide. The variants of the nucleic acids encoding SRA/IRAM may be naturally 
occurring allelic variants of the nucleic acids or non-naturally occurring variants. As is 
known in the art, an allelic variant is an alternate form of a nucleic acid sequence which may 
have at least one of a substitution, a deletion or an addition of one or more nucleotides, any of 
which does not substantially alter the function of the encoded SRA/IR.AM polypeptide. 

Variants and derivatives of SRA/IRAM may be obtained by mutations of 
nucleotide sequences encoding SRA/IRAM polypeptides. Alterations of the native amino 
acid sequence may be accomplished by any of a number of conventional methods. Mutations 
can be introduced at particular loci by synthesizing oligonucleotides containing a mutant 
sequence, flanked by restriction sites enabling ligation to fragments of the native sequence. 
Following ligation, the resulting reconstructed sequence encodes an analog having the desired 
amino acid insertion, substitution, or deletion. 

Alternatively, oligonucleotide-directed site-specific mutagenesis procedures 
can be employed to provide an altered gene wherein predetermined codons can be altered by 
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substitution, deletion or insertion. Exemplary methods of making such alterations are 
disclosed by Walder et al. (Gene 42:133. 1986); Bauer et al. (Gene 37:73. 1985); Craik 
(BioTechniqiies, January 1985, 12-19); Smith et al. (Genetic Engineering: Principles and 
Methods BioTechniques. January 1985, 12-19); Smith et al. (Genetic Engineering: Principles 
and Methods. Plenum Press, 1981); Kunkel (Proc. Natl Acad, Sci. USA 52:488, 1985); 
Kunkel et al. (Methods in EnzymoL 154:361, 1987); and U.S. Patent Nos. 4.518,584 and 
4,737,462. 

As an example, modification of DNA may be performed by site-directed 
mutagenesis of DNA encoding the protein combined with the use of DNA amplification 
methods using primers to introduce and amplify alterations in the DNA template, such as 
PGR splicing by overlap extension (SOE). Site-directed mutagenesis is typically effected 
using a phage vector that has single- and double-stranded forms, such as Ml 3 phage vectors, 
which are well-known and commercially available. Other suitable vectors that contain a 
single-stranded phage origin of replication may be used (see. e.g.. Veira et al., Meth. 
EnzymoL 15:3. 1987). In general, site-directed mutagenesis is performed by preparing a 
single-stranded vector that encodes the protein of interest (e.g,, a given SRA or IRAM). An 
oligonucleotide primer that contains the desired mutation within a region of homology to the 
DNA in the single-stranded vector is annealed to the vector followed by addition of a DNA 
polymerase, such as E. coli DNA polymerase 1 (Klenow fragment), which uses the double 
stranded region as a primer to produce a heteroduplex in which one strand encodes the altered 
sequence and the other the original sequence. The heteroduplex is introduced into 
appropriate bacterial cells and clones that include the desired mutation are selected. The 
resulting altered DNA molecules may be expressed recombinantly in appropriate host cells to 
produce the modified protein. 

Equivalent DNA constructs that encode various additions or substitutions of 
amino acid residues or sequences, or deletions of terminal or internal residues or sequences 
not needed for biological activity are also encompassed by the invention. For example, 
sequences encoding Cys residues that are not essential for biological activity can be altered to 
cause the Cys residues to be deleted or replaced with other amino acids, preventing formation 
of incorrect intramolecular disulfide bridges upon renaturation. 
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Host organisms include those organisms in which recombinant production of 
SRA/IRAM products encoded by the recombinant constructs of the present invention 
vaccines may occur, such as bacteria (for example, E. coli), yeast (for example, 
Saccharomyces cerevisiae and Pichia pastoris). insect cells and mammals, including in vitro 
and in vivo expression. Host organisms thus may include organisms for the construction, 
propagation, expression or other steps in the production of the vaccines provided herein; hosts 
also include subjects in which immune responses take place, as described above. Presently 
preferred host organisms are E. coli bacterial strains, inbred murine strains and murine cell 
lines, and human cells, subjects and cell lines. 

The DNA construct encoding the desired SRA/IRAM is introduced into a 
plasmid for expression in an appropriate host. In preferred embodiments, the host is a 
bacterial host. The sequence encoding the ligand or nucleic acid binding domain is preferably 
codon-optimized for expression in the particular host. Thus, for example, if a human 
SRA/IRAM is expressed in bacteria, the codons would be optimized for bacterial usage. For 
small coding regions, the gene can be synthesized as a single oligonucleotide. For larger 
proteins, splicing of multiple oligonucleotides, mutagenesis, or other techniques known to 
those in the art may be used. The sequences of nucleotides in the plasmids that are regulatory 
regions, such as promoters and operators, are operationally associated with one another for 
transcription. The sequence of nucleotides encoding a SRA or IRAM chimera (fusion 
protein) may also include DNA encoding a secretion signal, whereby the resulting peptide is 
a precursor protein. The resulting processed protein may be recovered from the periplasmic 
space or the fermentation medium. 

In preferred embodiments, the DNA plasmids also include a transcription 
terminator sequence. As used herein, a ''transcription terminator region" is a sequence that 
signals transcription termination. The entire transcription terminator may be obtained from a 
protein-encoding gene, which may be the same or different from the inserted SRA/IRAM 
encoding gene or the source of the promoter. Transcription terminators are optional 
components of the expression systems herein, but are employed in preferred embodiments. 

The plasmids used herein include a promoter in operative association with the 
DNA encoding the protein or polypeptide of interest and are designed for expression of 
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proteins in a suitable host as described above (e.g., bacterial, murine or human) depending 
upon the desired use of the plasmid (e.g., administration of a vaccine containing SRA/IRAM 
encoding sequences, or of a vaccine containing expressed SRA/IRAM products). Suitable 
promoters for expression of proteins and polypeptides herein are widely available and are 
well known in the art. Inducible promoters or constitutive promoters that are linked to 
regulatory regions are preferred. Such promoters include, but are not limited to, the T7 phage 
promoter and other T7-like phage promoters, such as the T3, T5 and SP6 promoters, the trp, 
Ipp, and lac promoters, such as the lacUVS, from E. coli\ the PIO or polyhedrin gene 
promoter of baculovirus/insect cell expression systems {see, e.g., U.S. Patent Nos. 5,243,041, 
5.242.687, 5.266,317. 4,745,051. and 5,169,784) and inducible promoters from other 
eukaryotic expression systems. For expression of the proteins such promoters are inserted in 
a plasmid in operative linkage with a control region such as the lac operon. 

Preferred promoter regions are those that are inducible and functional in E. 
coli. Examples of suitable inducible promoters and promoter regions include, but are not 
limited to: the E. coli lac operator responsive to isopropyl P-D-thiogalactopyranoside (IPTG; 
see Nakamura et al.. Cell 7(^:1109-1117, 1979); the metallothionein promoter metal- 
regulatory-elements responsive to heavy-metal (e.g., zinc) induction {see, e.g., U.S. Patent 
No. 4,870,009 to Evans et al.); the phage T71ac promoter responsive to IPTG {see, e.g., U.S. 
Patent No. 4,952,496; and Studier et al., Meth. Enzymol. 755:60-89, 1990) and the TAG 
promoter. 

The plasmids may optionally include a selectable marker gene or genes that 
are functional in the host. A selectable marker gene includes any gene that confers a 
phenotype on bacteria that allows transformed bacterial cells to be identified and selectively 
grown from among a vast majority of untransformed cells. Suitable selectable marker genes 
for bacterial hosts, for example, include the ampicillin resistance gene (AmpO, tetracycline 
resistance gene (TcO and the kanamycin resistance gene (Kan^. The kanamycin resistance 
gene is presently preferred. 

The plasmids may also include DNA encoding a signal for secretion of the 
operably linked protein. Secretion signals suitable for use are widely available and are well 
known in the art. Prokaryotic and eukaryotic secretion signals functional in E. coli may be 
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employed. The presently preferred secretion signals include, but are not limited to, those 
encoded by the following E. coli genes: ompA, ompT, ompF, ompC, beta-lactamase, and 
alkaline phosphatase, and the like (von Heijne, J. Mol Biol. 184:99-105, 1985). In addition, 
the bacterial pelB gene secretion signal (Lei et ak, J. Bacteriol 759:4379, 1987), the phoA 
secretion signal, and the cek2 functional in insect cell may be employed. The most preferred 
secretion signal is the coli ompA secretion signal. Other prokaryotic and eukaryotic 
secretion signals known to those of skill in the art may also be employed {see, e.g., von 
Heijne, J. Mol Biol 184:99-105. 1985). Using the methods described herein, one of skill in 
the art can substitute secretion signals that are functional in either yeast, insect or mammalian 
cells to secrete proteins from those cells. 

Particularly preferred plasmids for transformation of E. coli cells include the 
pET expression vectors (e.g., pET-1 la, pET-12a-c, pET-15b; see U.S. Patent No. 4,952,496; 
available from Novagcn, Madison, WI.) 

Other preferred plasmids include the pKK plasmids, particularly pKK 223-3, 
which contains the tac promoter (Brosius et al., Proc. Natl Acad Sci. 57:6929, 1984; 
Ausubel et aL, Current Protocols in Molecular Biology; U.S. Patent Nos. 5,122.463, 
5,173,403, 5,187,153, 5,204,254, 5,212,058, 5,212,286, 5,215,907, 5,220,013, 5.223,483, and 
5,229,279). Plasmid pKK has been modified by replacement of the ampicillin resistance gene 
with a kanamycin resistance gene. (Available from Pharmacia; obtained from pUC4K, see. 
e.g., Vieira et al. {Gene 79:259-268, 1982; and U.S. Patent No. 4,719,179.) Baculovirus 
vectors, such as pBlueBac (also called pJVETL and derivatives thereof), particularly 
pBlueBac III {see, e.g, U.S. Patent Nos. 5,278,050, 5,244,805, 5,243,041, 5,242,687, 
5,266,317, 4,745,051, and 5,169,784; available from Invitrogen, San Diego) may also be used 
for expression of the polypeptides in insect cells. Other plasmids include the pIN-IIIompA 
plasmids {see U.S. Patent No. 4,575,013; see also Duffaud et al., Meth Enz. 755:492-507, 
1987), such as pIN-IIIompA2. 

Preferably, the DNA molecule is replicated in bacterial cells, preferably in E. 
coli. The preferred DNA molecule also includes a bacterial origin of replication, to ensure 
the maintenance of the DNA molecule from generation to generation of the bacteria. In this 
way, large quantities of the DNA molecule can be produced by replication in bacteria. 
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Preferred bacterial origins of replication include, but are not limited to, the fl-ori and col El 
origins of replication. Preferred hosts contain chromosomal copies of DNA encoding T7 
RNA polymerase operably linked to an inducible promoter, such as the lacUV promoter (see 
U.S. Patent No. 4,952,496). Such hosts include, but are not limited to. lysogens E. coli 
strains HMS174(DE3)pLysS, BL21(DE3)pLysS, HMS174(DE3) and BL21(DE3). Strain 
BL21(DE3) is preferred. The pLys strains provide low levels of T7 lysozyme, a natural 
inhibitor of T7 RNA polymerase. 

The DNA molecules provided may also contain a gene coding for a repressor 
protein. The repressor protein is capable of repressing the transcription of a promoter that 
contains sequences of nucleotides to w^hich the repressor protein binds. The promoter can be 
derepressed by altering the physiological conditions of the cell. For example, the alteration 
can be accomplished by adding to the growth medium a molecule that inhibits the abiHty to 
interact with the operator or with regulatory proteins or other regions of the DNA or by 
altering the temperature of the growth media. Preferred repressor proteins include, but are 
not limited to the E. coli lad repressor responsive to IPTG induction, the temperature 
sensitive A. cI857 repressor, and the like. The E, coli lad repressor is preferred. 

In general, recombinant constructs of the subject invention vaccines will also 
contain elements necessary for transcription and translation. In particular, such elements are 
preferred where the vaccine is a recombinant expression construct containing nucleic acid 
sequences encoding SRA/IRAM for expression in the host in which a humoral immune 
response is desired. In certain embodiments of the present invention, cell type preferred or 
cell type specific expression of a cell SRA/IRAM encoding gene may be achieved by placing 
the gene under regulation of a promoter. The choice of the promoter will depend upon the 
cell type to be transformed and the degree or type of control desired. Promoters can be 
constitutive or active and may further be cell type specific, tissue specific, individual cell 
specific, event specific, temporally specific or inducible. Cell-type specific promoters and 
event type specific promoters are preferred. Examples of constitutive or nonspecific 
promoters include the SV40 early promoter (U.S. Patent No. 5,118,627), the SV40 late 
promoter (U.S. Patent No. 5,118,627), CMV early gene promoter (U.S. Patent No. 
5,168,062), and adenovirus promoter. In addition to viral promoters, cellular promoters are 
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also amenable within the context of this invention. In particular, cellular promoters for the 
so-called housekeeping genes are useful. Viral promoters are preferred, because generally 
they are stronger promoters than cellular promoters. Promoter regions have been identified in 
the genes of many eukaryotes including higher eukaryotes, such that suitable promoters for 
use in a particular host can be readily selected by those skilled in the art. 

Inducible promoters may also be used. These promoters include MMTV LTR 
(PCT WO 91/13160), inducible by dexamethasone; metallothionein promoter, inducible by 
heavy metals: and promoters with cAMP response elements, inducible by cAMP. By using 
an inducible promoter, the nucleic acid sequence encoding SRA/IRAM may be delivered to a 
cell by the subject invention vaccine and will remain quiescent until the addition of the 
inducer. This allows further control on the timing of production of the gene product. 

Event-type specific promoters are active or up-regulated only upon the 
occurrence of an event, such as tumorigenicity or viral infection. The HIV LTR is a well 
known example of an event-specific promoter. The promoter is inactive unless the tat gene 
product is present, which occurs upon viral infection. Some event-type promoters are also 
tissue-specific. 

Additionally, promoters that are coordinately regulated with a particular 
cellular gene may be used. For example, promoters of genes that are coordinately expressed 
when a particular SRA/ IRAM gene is expressed may be used. This type of promoter is 
especially useful when one knows the pattern of gene expression relevant to induction of an 
immune response in a panicular tissue of the immune system, so that specific 
immunocompetent cells within that tissue may be activated or otherwise recruited to 
participate in an immune response. 

In addition to the promoter, repressor sequences, negative regulators, or tissue- 
specific silencers may be inserted to reduce non-specific expression of SRA/IRAM in certain 
situations, such as, for example, a host that is transiently immunocompromised as part of a 
therapeutic strategy. Multiple repressor elements may be inserted in the promoter region. 
Repression of transcription is independent on the orientation of repressor elements or distance 
from the promoter. One type of repressor sequence is an insulator sequence. Such sequences 
inhibh transcription (Dunaway et al., Mol Cell Biol J 7: 182-9, 1997; Gdula et al., Proc Natl 
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Acad Sci USA 95:9378-83, 1996. Chan et al., J Virol 70: 5312-28, 1996; Scott and Geyer, 
EMBO J U:625S'67. 1995; Kalos and Foumier. Mol Cell Biol 75:198-207. 1995; Chung et 
al.. Cell 74: 505-14, 1993) and will silence background transcription. 

Repressor elements have also been identified in the promoter regions of the 
genes for type II (cartilage) collagen, choline acetyltransferase, albumin (Hu et ah, J. Cell 
Growth Differ. i(9):577-588, 1992), phosphoglycerate kinase (PGK-2) (Misuno et al.. Gene 
779(2):293-297. 1992), and in the 6-phosphofructo-2-kinase/fructose-2. 6-bisphosphatase 
gene. (Lemaigre et aL, MoL Cell Biol. 77(2):1099-1106.) Furthermore, the negative 
regulatory element Tse-1 has been identified in a number of liver specific genes, and has been 
shown to block cAMP response element- (CRE) mediated induction of gene activation in 
hepatocytes. (Boshart et aL, Ce// (57(5):905-916, 1990). 

In preferred embodiments, elements that increase the expression of the desired 
product are incorporated into the construct. Such elements include internal ribosome binding 
sites (IRES; Wang and Siddiqui, Curr. lop. Microbiol. Immunol 205:99, 1995: Ehrenfeld and 
Semler, Curr. Top. Microbiol. Immunol. 205:65, 1995; Rees et al., Biotechniques 20:102, 
1996: Sugimoto et al.. Biotechnology 72:694, 1994), IRES increase translation efficiency. 
As well, other sequences may enhance expression. For some genes, sequences especially at 
the 5' end inhibit transcription and/or translation. These sequences are usually palindromes 
that can form hairpin structures. Any such sequences in the nucleic acid to be delivered are 
generally deleted. Expression levels of the transcript or translated product are assayed to 
confirm or ascertain which sequences affect expression. Transcript levels may be assayed by 
any known method, including Northern blot hybridization, RNase probe protection and the 
like. Protein levels may be assayed by any known method, including ELISA, western blot, 
immunocytochemistry or other well known techniques. 

Other elements may be incorporated into the SRA/IRAM vaccine constructs of 
the present invention. In preferred embodiments, the construct includes a transcription 
terminator sequence, including a polyadenyiation sequence, splice donor and acceptor sites, 
and an enhancer. Other elements useful for expression and maintenance of the construct in 
mammalian cells or other eukaryotic cells may also be incorporated {e.g., origin of 
replication). Because the constructs are conveniently produced in bacterial cells, elements 
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that are necessary for, or that enhance, propagation in bacteria are incorporated. Such 
elements include an origin of replication, a selectable marker and the like. 

As provided herein, an additional level of controlling the expression of nucleic 
acids encoding SRA/IRAM delivered to cells using the constructs of the invention vaccines 
may be provided by simultaneously delivering two or more differentially regulated nucleic 
acid constructs. The use of such a multiple nucleic acid construct approach may permit 
coordinated regulation of an immune response such as, for example, spatiotemporal 
coordination that depends on the cell type and/or presence of another expressed vaccine 
encoded component. Those familiar with the art will appreciate that multiple levels of 
regulated gene expression may be achieved in a similar manner by selection of suitable 
regulatory sequences, including but not limited to promoters, enhancers and other well known 
gene regulatory elements. 

The present invention also relates to vectors, and to constructs prepared from 
known vectors that include nucleic acids of the present invention, and in particular to 
"recombinant expression constructs"' that include any nucleic acids encoding SRA/IRAM 
polypeptides according to the invention as provided above; to host cells which are genetically 
engineered with vectors and/or constructs of the invention and to methods of administering 
vaccines comprising nucleic acid sequences encoding such SRA/IRAM polypeptides and 
fusion proteins of the invention, or fragments or variants thereof, by recombinant techniques. 
SRA/IRAM proteins can be expressed in virtually any host ceil under the control of 
appropriate promoters, depending on the nature of the construct (e.g., type of promoter, as 
described above), and on the nature of the desired host cell (e.g., whether postmitotic 
terminally differentiated or actively dividing; e.g., whether the expression construct occurs in 
host cell as an episome or is integrated into host cell genome). Appropriate cloning and 
expression vectors for use with prokaryotic and eukaryotic hosts are described by Sambrook, 
et al.. Molecular Cloning: A Laboratory Manual, Second Edition, Cold Spring Harbor, NY, 
(1989). 

Typically, the constructs are derived from plasmid vectors. A preferred 
construct is a modified pNASS vector (Clontech, Palo Alto, CA), which has nucleic acid 
sequences encoding an ampicillin resistance gene, a polyadenylation signal and a T7 
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promoter site. Other suitable mammalian expression vectors are well known {see, e.g., 
Ausubel et aL, 1995; Sambrook et aL. supra; see also, e.g., catalogues from Invitrogen, San 
Diego, CA; Novagen, Madison, WI; Pharmacia, Piscataway, NJ; and others). Presently 
preferred constructs are prepared from the pLNCX plasmid (Clontech, Palo Alto, CA). 

Generally, recombinant expression vectors will include origins of replication 
and selectable markers permitting transformation of the host celL and a promoter derived 
from a highly-expressed gene to direct transcription of a downstream structural sequence, as 
described above. The heterologous structural sequence is assembled in appropriate phase 
with translation initiation and termination sequences. Thus, for example, the SRA/IRAM 
encoding nucleic acids as provided herein may be included in any one of a variety of 
expression vector constructs as a recombinant expression construct for expressing an 
SRA/IRAM polypeptide in a host ceil. In preferred embodiments the constructs are included 
in vaccines that are administered in vivo. Such vectors and constructs include chromosomal, 
nonchromosomal and synthetic DNA sequences, e.g., derivatives of SV40; bacterial 
plasmids; phage DNA; yeast plasmids: vectors derived from combinations of piasmids and 
phage DNA, viral DNA, such as vaccinia, adenovirus, fowl pox virus, and pseudorabies, or 
replication deficient retroviruses as described below. However, any other vector may be used 
for preparation of a recombinant expression construct, and in preferred embodiments such a 
vector will be replicable and viable in the host. 

The appropriate DNA sequence(s) may be inserted into the vector by a variety 
of procedures. In general, the DNA sequence is inserted into an appropriate restriction 
endonuclease site(s) by procedures known in the art. Standard techniques for cloning, DNA 
isolation, amplification and purification, for enzymatic reactions involving DNA ligase, DNA 
polymerase, restriction endonucleases and the like, and various separation techniques are 
those known and commonly employed by those skilled in the art. A number of standard 
techniques are described, for example, in Ausubel et al. (1993 Current Protocols in 
Molecular Biology, Greene Publ. Assoc. Inc. & John Wiley & Sons, Inc., Boston, MA); 
Sambrook et al. (1989 Molecular Cloning, Second Ed., Cold Spring Harbor Laboratory, 
Plainview, NY); Maniatis et al. (1982 Molecular Cloning, Cold Spring Harbor Laboratory, 
Plainview, NY); Glover (Ed.) (1985 DNA Cloning Vol. I and IL IRL Press, Oxford, UK); 
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Hames and Higgins (Eds.), (1985 Nucleic Acid Hybridization, IRJL Press, Oxford, UK); and 
elsewhere. 

The DNA sequence in the expression vector is operatively linked to at least 
one appropriate expression control sequences {e.g., a constitutive promoter or a regulated 
promoter) to direct mRNA synthesis. Representative examples of such expression control 
sequences include promoters of eukaryotic cells or their viruses, as described above. 
Promoter regions can be selected from any desired gene using CAT (chloramphenicol 
transferase) vectors or other vectors with selectable markers. Eukaryotic promoters include 
CMV immediate early, HSV thymidine kinase, early and late SV40, LTRs from retrovirus, 
and mouse metallothionein-I. Selection of the appropriate vector and promoter is well within 
the level of ordinary skill in the art, and preparation of certain particularly preferred 
recombinant expression constructs comprising at least one promoter or regulated promoter 
operably linked to a nucleic acid encoding an SRA/IRAM polypeptide is described herein. 

Transcription of the DNA encoding the polypeptides of the present invention 
by higher eukaryotes may be increased by inserting an enhancer sequence into the vector. 
Enhancers are c/.y-acting elements of DNA, usually about from 10 to 300 bp that act on a 
promoter to increase its transcription. Examples including the SV40 enhancer on the late side 
of the replication origin bp 100 to 270, a cytomegalovirus early promoter enhancer, the 
polyoma enhancer on the late side of the replication origin, and adenovirus enhancers. 

As provided herein, in certain embodiments the vector may be a viral vector 
such as a retroviral vector. (Miller et aL, 1989 BioTechniques 7:980; Coffin and Varmus, 
1996 Retroviruses. Cold Spring Harbor Laboratory Press, NY.) For example, retroviruses 
from which the retroviral plasmid vectors may be derived include, but are not limited to, 
Moloney Murine Leukemia Virus, spleen necrosis virus, retroviruses such as Rous Sarcoma 
Virus, Harvey Sarcoma virus, avian leukosis virus, gibbon ape leukemia virus, human 
immunodeficiency virus, adenovirus. Myeloproliferative Sarcoma Virus, and mammar\^ 
tumor virus. 

Retroviruses are RNA viruses which can replicate and integrate into the 
genome of a host cell via a DNA intermediate. This DNA intermediate, or provirus, may be 
stably integrated into the host cell DNA. According to certain embodiments of the present 
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invention, a vaccine may comprise a retrovirus into which a foreign gene that encodes a 
foreign protein is incorporated in place of normal retroviral RNA. When retroviral RNA 
enters a host cell coincident with infection, the foreign gene is also introduced into the cell, 
and may then be integrated into host cell DNA as if it were part of the retroviral genome. 
Expression of this foreign gene within the host results in expression of the foreign protein. 

Most retroviral vector systems which have been developed for gene therapy 
are based on murine retroviruses. Such retroviruses exist in two forms, as free viral particles 
referred to as virions, or as proviruses integrated into host cell DNA. The virion form of the 
virus contains the structural and enzymatic proteins of the retrovirus (including the enzyme 
reverse transcriptase), tw^o RNA copies of the viral genome, and portions of the source cell 
plasma membrane containing viral envelope glycoprotein. The retroviral genome is 
organized into four main regions: the Long Terminal Repeat (LTR), which contains cis- 
acting elements necessary for the initiation and termination of transcription and is situated 
both 5' and 3' of the coding genes, and the three coding genes gag, pol and env. These three 
genes gag, pol and env encode, respectively, internal viral structures, enzymatic proteins 
(such as integrase). and the envelope glycoprotein (designated gp70 and pl5e) which confers 
infectivity and host range specificity of the virus, as well as the "R" peptide of undetermined 
function. 

Separate packaging cell lines and vector producing cell lines have been 
developed because of safety concerns regarding the uses of retroviruses, including their use in 
vaccines as provided by the present invention. Briefly, this methodology employs the use of 
two components, a retroviral vector and a packaging cell line (PCL). The retroviral vector 
contains long terminal repeats (LTRs), the foreign DNA to be transferred and a packaging 
sequence (y). This retroviral vector will not reproduce by itself because the genes which 
encode structural and envelope proteins are not included within the vector genome. The PCL 
contains genes encoding the gag, pol, and env proteins, but does not contain the packaging 
signal "y". Thus, a PCL can only form empty virion particles by itself. Within this general 
method, the retroviral vector is introduced into the PCL, thereby creating a vector-producing 
ceil line (VCL). This VCL manufactures virion particles containing only the retroviral 
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vector's (foreign) genome, and therefore has previously been considered to be a safe 
retrovirus vector for therapeutic use. 

''Retroviral vector construct'' refers to an assembly w^hich is, within preferred 
embodiments of the invention, capable of directing the expression of a sequence(s) or gene(s) 
of interest, such as SRA/IRAM encoding nucleic acid sequences. Briefly, the retroviral 
vector construct must include a 5' LTR, a tRNA binding site, a packaging signal, an origin of 
second strand DNA synthesis and a 3' LTR. A wide variety of heterologous sequences may 
be included within the vector construct, including for example, sequences which encode a 
protein (e.g., cytotoxic protein, disease-associated antigen, immune accessory molecule, or 
replacement gene), or which are useful as a molecule itself (e.g., as a ribozyme or antisense 
sequence). 

Retroviral vector constructs of the present invention may be readily 
constructed from a wide variety of retroviruses, including for example, B, C. and D type 
retroviruses as well as spumaviruses and lenti viruses (see, e.g., RNA Tumor Viruses, Second 
Edition, Cold Spring Harbor Laboratory, 1985). Such retroviruses may be readily obtained 
from depositories or collections such as the American Type Culture Collection C'ATCC"; 
Rockville, iMaryiand). or isolated from known sources using commonly available techniques. 
Any of the above retroviruses may be readily utilized in order to assemble or construct 
retroviral vector constructs, packaging cells, or producer cells of the present invention given 
the disclosure provided herein, and standard recombinant techniques (e.g.. Sambrook et ai. 
Molecular Cloning: A Laboratory ManuaL 2d ed.. Cold Spring Harbor Laboratory Press, 
1989; Kunkle, PNAS 82:A^?>. 1985). 

Suitable promoters for use in viral vectors generally may include, but are not 
limited to, the retroviral LTR; the SV40 promoter; and the human cytomegalovirus (CMV) 
promoter described in Miller, et al.. Biotechniques 7:980-990 (1989), or any other promoter 
(e.g., cellular promoters such as eukaryotic cellular promoters including, but not limited to, 
the histone, pol III, and P-actin promoters). Other viral promoters which may be employed 
include, but are not limited to, adenovirus promoters, thymidine kinase (TK) promoters, and 
B19 parvovirus promoters. The selection of a suitable promoter will be apparent to those 
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regulated promoters or promoters as described above. 

As described above, the retroviral plasmid vector is employed to transduce 
packaging cell lines to form producer cell lines. Examples of packaging cells which may be 
transfected include, but are not limited to. the PE50K PA317, M/-2, \\f-AM. PA12, T19-14X, 
VT-19-17-H2, vi/CRE, yCRIP, GP+E-86, GP+envAml2. and DAN cell lines as described in 
Miller, Human Gene Therapy, 7:5-14 (1990). The vector may transduce the packaging cells 
through any means known in the art. Such means include, but are not limited to, 
electroporation, the use of liposomes, and CaP04 precipitation. In one alternative, the 
retroviral plasmid vector may be encapsulated into a liposome, or coupled to a lipid, and then 
administered to a host. 

The producer cell line generates infectious retroviral vector particles which 
include the nucleic acid sequence(s) encoding the SRA/IRAM polypeptides or fusion 
proteins. Such retroviral vector particles then may be employed, to transduce eukaryotic 
cells, either in vitro or in vivo. The transduced eukaryotic cells will express the nucleic acid 
sequence(s) encoding the SRA/IRAM polypeptide or fusion protein. Eukaryotic cells which 
may be transduced include, but are not limited to, embryonic stem cells, as well as 
hematopoietic stem cells, hepatocytes, fibroblasts, circulating peripheral blood mononuclear 
and polymorphonuclear cells including myelomonocytic cells, lymphocytes, myoblasts, tissue 
macrophages, dendritic cells, Kupffer cells, lymphoid and reticuloendothelia cells of the 
lymph nodes and spleen, keratinocytes. endothelial cells, and bronchial epithelial cells. 

As another example of an embodiment of the invention in which a viral vector 
is used to prepare the recombinant SRA/IRAM expression construct, in one preferred 
embodiment, host cells transduced by a recombinant viral construct directing the expression 
of SRA/IRAM polypeptides or fusion proteins may produce viral particles containing 
expressed SRA/IRAM polypeptides or fusion proteins that are derived from portions of a host 
cell membrane incorporated by the viral particles during viral budding. 

In another aspect, the present invention relates to host cells containing the 
above described recombinant SRA/IRAM expression constructs. Host cells are genetically 
engineered (transduced, transformed or transfected) with the vectors and/or expression 
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constructs of this invention which may be. for example, a cloning vector, a shuttle vector or 
an expression construct. The vector or construct may be, for example, in the form of a 
plasmid. a viral particle, a phage, etc. The engineered host cells can be cultured in 
conventional nutrient media modified as appropriate for activating promoters, selecting 
transformants or amplifying particular genes such as genes encoding SRA/IRAM 
polypeptides or SRA/IRAM fusion proteins. The culture conditions for particular host ceils 
selected for expression, such as temperature, pH and the like, will be readily apparent to the 
ordinarily skilled artisan. 

The host cell can be a higher eukaryotic cell, such as a mammalian cell, or a 
lower eukaryotic cell, such as a yeast cell, or the host cell can be a prokaryotic ceil, such as a 
bacterial cell. Representative examples of appropriate host cells according to the present 
invention include, but need not be limited to, bacterial cells, such as E. coli. Streptomyces, 
Salmonella t\'phimiirium: fungal cells, such as yeast; insect cells, such as Drosophila S2 and 
Spodoptera 5/9; animal cells, such as CHO, COS or 293 cells; adenoviruses; plant cells, or 
any suitable cell already adapted to in vitro propagation or so established de novo. The 
selection of an appropriate host is deemed to be within the scope of those skilled in the art 
from the teachings herein. 

Various mammalian cell culture systems can also be employed to express 
recombinant protein. Examples of mammalian expression systems include the COS-7 lines 
of monkey kidney fibroblasts, described by Gluzman. Cell 25:175 (1981), and other cell lines 
capable of expressing a compatible vector, for example, the CI 27, 3T3, CHO, HeLa and 
BHK cell lines. Mammalian expression vectors will comprise an origin of replication, a 
suitable promoter and enhancer, and also any - necessary ribosome binding sites, 
polyadenylation site, splice donor and acceptor sites, transcriptional termination sequences, 
and 5' flanking nontranscribed sequences, for example as described herein regarding the 
preparation of SRA/IRAM expression constructs. DNA sequences derived from the SV40 
splice, and polyadenylation sites may be used to provide the required nontranscribed genetic 
elements. Introduction of the construct into the host cell can be effected by a variety of 
methods with which those skilled in the art will be familiar, including but not limited to, for 
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example, calcium phosphate transfection, DEAE-Dextran mediated transfection. or 
electroporation (Davis et aL. 1986 Basic Methods in Molecular Biology), 

The present invention vaccines for eliciting or enhancing titers of antibodies 
specific for a cell SRA may be formulated into pharmaceutical compositions for 
administration according to well known methodologies. Pharmaceutical compositions 
generally comprise one or more recombinant expression constructs, and/or expression 
products of such constructs, in combination with a pharmaceutically acceptable carrier, 
excipient or diluent. Such carriers will be nontoxic to recipients at the dosages and 
concentrations employed. For nucleic acid-based vaccines, or for vaccines comprising 
expression products of the subject invention recombinant constructs, about 0.01 jag/kg to 
about 100 mg/kg body weight will be adminstered, typically by the intradermal 
subcutaneous, intramuscular or intravenous route, or by other routes. A preferred dosage is 
about 1 i^g/kg to about 1 mg/kg. with about 5 ^g/kg to about 200 |ag/kg particularly preferred. 
It will be evident to those skilled in the art that the number and frequency of administration 
will be dependent upon the response of the host. "Pharmaceutically acceptable caniers" for 
therapeutic use are well known in the pharmaceutical art, and are described, for example, in 
Remingtons Pharmaceutical Sciences . Mack Publishing Co. (A.R. Gennaro edit. 1985). For 
example, sterile saline and phosphate-buffered saline at physiological pH may be used. 
Preservatives, stabilizers, dyes and even flavoring agents may be provided in the 
pharmaceutical composition. For example, sodium benzoate. sorbic acid and esters of 
/7-hydroxy benzoic acid may be added as preservatives. Id^ at 1449. In addition, antioxidants 
and suspending agents may be used. Id. 

'Tharmaceutically acceptable salt" refers to salts of the compounds of the 
present invention derived from the combination of such compounds and an organic or 
inorganic acid (acid addition salts) or an organic or inorganic base (base addition salts). The 
compounds of the present invention may be used in either the free base or salt forms, with 
both forms being considered as being within the scope of the present invention. 

The pharmaceutical compositions that contain one or more SRA/IRAM 
encoding constructs (or their expressed products) may be in any form which allows for the 
composition to be administered to a patient. For example, the composition may be in the 
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form of a solid, liquid or gas (aerosol). Typical routes of administration include, without 
limitation, oral, topical, parenteral {e.g.. sublingually or buccally). sublingual, rectal, vaginal, 
and intranasal. The term parenteral as used herein includes subcutaneous injections, 
intravenous, intramuscular, intrasternal, intracavemous, intrathecal, intrameatal. intraurethral 
injection or infusion techniques. The pharmaceutical composition is formulated so as to 
allow the active ingredients contained therein to be bioavailable upon administration of the 
composition to a patient. Compositions that will be administered to a patient take the form of 
one or more dosage units, where for example, a tablet may be a single dosage unit, and a 
container of one or more compounds of the invention in aerosol form may hold a plurality of 
dosage units. 

For oral administration, an excipient and/or binder may be present. Examples 
are sucrose, kaolin, glycerin, starch dextrins. sodium alginate, carboxymethylcellulose and 
ethyl cellulose. Coloring and/or flavoring agents may be present. A coating shell may be 
employed. 

The composition may be in the form of a liquid, e.g.. an elixir, syrup, solution, 
emulsion or suspension. The liquid may be for oral administration or for delivery by 
injection, as two examples. When intended for oral administration, preferred compositions 
contain, in addition to one or more SRA/IRAM construct or expressed product, one or more 
of a sweetening agent, preservatives, dye/colorant and flavor enhancer. In a composition 
intended to be administered by injection, one or more of a surfactant, preservative, wetting 
agent, dispersing agent, suspending agent, buffer, stabilizer and isotonic agent may be 
included. 

A Uquid pharmaceutical composition as used herein, whether in the form of a 
solution, suspension or other like form, may include one or more of the following adjuvants: 
sterile diluents such as water for injection, saline solution, preferably physiological saline, 
Ringer's solution, isotonic sodium chloride, fixed oils such as synthetic mono or digylcerides 
which may serve as the solvent or suspending medium, polyethylene glycols, glycerin, 
propylene glycol or other solvents; antibacterial agents such as benzyl alcohol or methyl 
paraben; antioxidants such as ascorbic acid or sodium bisulfite: chelating agents such as 
ethylenediaminetetraacetic acid; buffers such as acetates, citrates or phosphates and agents for 
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the adjustment of tonicity such as sodium chloride or dextrose. The parenteral preparation 
can be enclosed in ampoules, disposable syringes or multiple dose vials made of glass or 
plastic. Physiological saline is a preferred adjuvant. An injectable pharmaceutical 
composition is preferably sterile. 

It may also be desirable to include other components in the vaccine, such as 
delivery vehicles including but not limited to aluminum salts, water-in-oil emulsions, 
biodegradable oil vehicles, oil-in-water emulsions, biodegradable microcapsules, and 
liposomes. Examples of immunostimulatory substances (adjuvants) for use in such vehicles 
include N-acetylmuramyl-L-alanine-D-isoglutamine (MDP), lipopoly-saccharides (LPS), 
glucan, IL-12. GM-CSF, gamma interferon and IL-15. 

While any suitable carrier know^n to those of ordinary skill in the art may be 
employed in the pharmaceutical compositions of this invention, the type of carrier will vary 
depending on the mode of administration and whether a sustained release is desired. For 
parenteral administration, such as subcutaneous injection, the carrier preferably comprises 
water, saline, alcohol, a fat, a wax or a buffer. For oral administration, any of the above 
carriers or a sohd carrier, such as mannitol, lactose, starch, magnesium stearate, sodium 
saccharine, talcum, cellulose, glucose, sucrose, and magnesium carbonate, may be employed. 
Biodegradable microspheres (e.g., polylactic galactide) may also be employed as carriers for 
the pharmaceutical compositions of this invention. Suitable biodegradable microspheres are 
disclosed, for example, in U.S. Patent Nos. 4,897,268 and 5,075.109. In this regard, it is 
preferable that the microsphere be larger than approximately 25 microns. 

Pharmaceutical compositions (including vaccines) may also contain diluents 
such as buffers, antioxidants such as ascorbic acid, low molecular weight (less than about 10 
residues) polypeptides, proteins, amino acids, carbohydrates including glucose, sucrose or 
dextrins, chelating agents such as EDTA, glutathione and other stabilizers and excipients. 
Neutral buffered saline or saline mixed with nonspecific serum albumin are exemplary 
appropriate diluents. Preferably, product is formulated as a lyophilizate using appropriate 
excipient solutions (e.g., sucrose) as diluents. 

As described above, the subject invention includes compositions capable of 
delivering nucleic acid molecules encoding cell SRA and IRAM. Such compositions include 
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recombinant viral vectors (e.g., retroviruses (see WO 90/07936, WO 91/02805. WO 
93/25234. WO 93/25698. and WO 94/03622), adenovirus {see Berknen Biotechniques 6:6X6- 
627, 1988; Li et al.. Hum. Gene Then -/:403-409, 1993; Vincent et al.. Nat. Genet. 5:130-134, 
1993: and Kolls et al.. Proc. Natl. Acad. ScL USA 97:215-219, 1994), pox virus {see U.S. 
Patent No. 4.769,330; U.S. Patent No. 5,017,487; and WO 89/01973)), recombinant 
expression construct nucleic acid molecules complexed to a polycationic molecule {see WO 
93/03709), and nucleic acids associated with liposomes {see Wang et aL. Proc. Natl Acad. 
ScL USA 84:1^5\. 1987). In certain embodiments, the DNA may be linked to killed or 
inactivated adenovirus {see Curiel et al.. Hum. Gene Ther. 5:147-154, 1992; Cotton et al., 
Proc. Natl. Acad. Sci. USA 59:6094. 1992). Other suitable compositions include DNA-ligand 
{see Wu et al., J, Biol. Chem. 26-/: 16985- 16987, 1989) and lipid-DNA combinations {see 
Feigner et al.. Proc. Natl Acad Sci USA 5^:7413-7417, 1989). 

In addition to direct in vivo procedures, ex vivo procedures may be used in 
which cells are removed from a host, modified, and placed into the same or another host 
animal. It will be evident that one can utilize any of the compositions noted above for 
introduction of cell SRA/ IRAM encoding nucleic acid molecules into tissue cells in an ex 
vivo context. Protocols for viral, physical and chemical methods of uptake are well known in 
the art. 

Accordingly, the present invention is useful for enhancing or eliciting, in a 
host, a patient or in cell culture, a humoral immune response {e.g.. the generation of SRA 
specific antibody forming cells and/or of SRA specific helper T cells that promote humoral 
immunity). As used herein, the term ''patienf ' refers to any warm-blooded animal, preferably 
a human. A patient may be afflicted with cancer, such as breast cancer, or may be normal 
{i.e., free of detectable disease and infection). A ''cell culture'' is any preparation containing 
immunocompetent cells or isolated cells of the immune system (including, but not limited to, 
T cells, macrophages, monocytes, B cells and dendritic cells). Such cells may be isolated by 
any of a variety of techniques well known to those of ordinary skill in the art {e.g., Ficoll- 
hypaque density centrifugation). The cells may (but need not) have been isolated from a 
patient afflicted with a cell SRA associated malignancy, and may be reintroduced into a 
patient after treatment. 
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A liquid composition intended for either parenteral or oral administration 
should contain an amount of SRA/IRAM construct or expressed product such that a suitable 
dosage will be obtained. Typically, this amount is at least 0.01 wt% of an SRA/IRAM 
construct or expressed product in the composition. When intended for oral administration, 
this amount may be varied to be between 0.1 and about 70% of the weight of the 
composition. Preferred oral compositions contain between about 4% and about 50% of 
SRA/IRAM construct or expressed product(s). Preferred compositions and preparations are 
prepared so that a parenteral dosage unit contains between 0.01 to Wo by weight of active 
compound. 

The pharmaceutical composition may be intended for topical administration, 
in which case the carrier may suitably comprise a solution, emulsion, ointment or gel base. 
The base, for example, may comprise one or more of the following: petrolatum, lanolin, 
polyethylene glycols, beeswax, mineral oil, diluents such as water and alcohol, and 
emulsifiers and stabilizers. Thickening agents may be present in a pharmaceutical 
composition for topical administration. If intended for transdermal administration, the 
composition may include a transdermal patch or iontophoresis device. Topical formulations 
may contain a concentration of the SRA/'IRAM construct or expressed product of from about 
0,1 to about 10% w/v (weight per unit volume). 

The composition may be intended for rectal administration, in the form, e.g., 
of a suppository which will meh in the rectum and release the drug. The composition for 
rectal administration may contain an oleaginous base as a suitable nonirritating excipient. 
Such bases include, without limitation, lanolin, cocoa butter and polyethylene glycol. 

In the methods of the invention, the SRA/IRAM encoding constructs or 
expressed product(s) may be administered through use of insert(s), bead(s), timed-release 
formulation(s), patch(es) or fast-release formulation(s). 

The following examples are included for illustrative purposes only and are not 
intended to limit the scope of the invention. 
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EXAMPLES 

EXAMPLE 1 

Construction of Surface Antigen Receptor 
Vaccine Recombinant Expression Vectors 

This Example describes the construction of four recombinant expression 
constructs using the pLNCX plasmid (Clontech, Palo Alto. CA) for use in the vaccines of the 
present invention. Plasmid isolation, production of competent cells, transformation and 
plasmid manipulations were carried out according to published procedures (Sambrook et ah, 
Molecular Cloning, a Laboratory Manual. Cold Spring Harbor Laboratory Press, Cold 
Spring Harbor. NY, 1989; Ausubel et ah, 1994 Current Protocols in Molecular Biology, 1994 
Greene Publishing & John Willey & Sons, NY). Purification of DNA fragments was 
achieved using the Qiagen Plasmid Maxi Kit (Qiagen. Inc., Valencia. CA) according to the 
manufacturer' s recommendations. 

The pLNCX plasmid is derived from a Moloney murine leukemia virus 
(MoMuLV) retroviral vector and includes a cytomegalovirus (CMV) promoter upstream of a 
multiple cloning site, plus ampicillin resistance and neomycin resistance genes. (Miller et ah, 
1989 BioTechniques 7:980; Coffin and Varmus, 1996 Retroviruses. Cold Spring Harbor 
Laboratory Press, NY.) In addition to the unaltered control pLNCX plasmid. four pLNCX- 
derived recombinant plasmid constructs were prepared for DNA vaccination experiments: 
pLNCX-4-lBBlig, pLNCX-B7.1, pLNCX-B7.2 and pLNCX-Rat-Neu. 

pLNCX-4-lBBhg : The pLNCX-4-lBBlig construct w^as made by digesting 
pLXSHD containing an inserted DNA sequence encoding the murine 4- IBB ligand (Melero 
et al., 1998 Eur. J. Immunol 3:1116) with Sfil and EcoRI to remove the 4-lBB ligand 
encoding insert, and cloning the recovered 4- IBB insert into Hpa I-cut pLNCX vector. 

pLNCX-B7.1: To obtain cDNA sequences encoding murine B7.1 (Freeman et 
al., 1991 J. Exp. Med. 174:625). RNA was isolated from murine splenocytes cultured for 5 
days in the presence of the mitogen concanavalin A (ConA) to induce lymphoblasts. The 
RNA was reverse transcribed using reverse transcriptase and the cDNA products amplified 
using polymerase chain reaction (PCR) amplification with the following primers: 
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5 mB7 1 - CTAAGCTTATGGCTTGC AATTGTC AGTTG [SEQ ID NO: 1 ] 
3^mB7 1 . GTATCGATCTAAAGGAAGACGGTCTGTTC [SEQ ID NO:2] 

Amplification reactions contained l|al of cDNA in a final volume of 50 
containing 10 mM Tris-HCI (pH 8.3), 50 mM KCl, 0.01% gelatin, 2 mM MgCl,, 0.2 mM 
dNTPs, and 0.8 p.g of each primer. Next, 2.5 U TaqI DNA polymerase (Boehringer 
Mannheim, Indianapolis, IN). Incubations were done in a Peltier PTC-200 Thermal Cycler 
(MJ Research, Inc., Watertown. MA). Cycles include a denaturation step (94°C for 3 min) 
followed by ten cycles of: 94''C for 1 min. 48°C for 1 min, and 72°C for 1 min; then twenty 
cycles of: 94°C for 1 min, 65°C for 1 min, and 72°C for 1 min. 

The amplified DNA was gel purified and digested with Cla I and Hind III, and 
then cloned into pLNCX that had first been cut using Cla I and Hind III. to yield the pLNCX- 
B7.1 recombinant expression construct. 

PLNCX-B7.2: For cDNA encoding murine B7.2i (Borriello et al., 1995 J. 
Immunol 755:5490), RNA from 5-day ConA lymphoblasts was isolated and reverse 
transcribed and the cDNA products amplified by PCR as described above except using the 
following primers: 

5^mB7 2, CGAAGCTTGTTCCAGAACTTACGGAAG [SEQ ID NO:3] 
3'mB7 2. CGATCGATCTTTCCTCAGGCTCTCAC [SEQ ID NO:4] 

The amplified DNA is gel purified and digested with Cla I and then cloned 
into pLNCX that had first been cut using Hpal, to yield the pLNCX-B7.1 recombinant 
expression construct. 

pLNCX-Rat-Neu: The pLNCX-Rat-Neu construct was made by digesting 
pSV2 containing an inserted DNA sequence encoding the rat Neu surface receptor antigen 
(Bargmann et al., 1986 Cell 45\6A9) with Hindlll and Afllll to remove the rat Neu encoding 
insert, and cloning the recovered Neu insert into Hpa I-cut pLNCX vector. 
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EXAMPLE 2 

Immunization of Mice Using Surface Antigen Receptor DNA Vaccines 

Specific Pathogen-Free (SPF) breeder FVB/N-TgN (MMTVneu) mice were 
purchased from Jackson Laboratory (Bar Harbor. ME) and maintained as a breeder colony at 
the University of Washington animal care facility (Seattle, WA) under SPF conditions. This 
genetically engineered mouse strain is transgenic for and expresses the rat Neu2 transgene 
under the control of a murine mammary tumor virus (MMTV LTR) promoter, and 
spontaneous mammary tumors appear in the majority of such mice, albeit only with advanced 
age (7-12 months). 

For immunization with the recombinant expression construct DNA vaccines, female 
FVB/N-TgN (MMTVneu) mice were used. Plasmid DNA for DNA vaccination was prepared 
from the constructs described in Example 1 (including pLNCX) using the Qiagen Plasmid 
Maxi Kit (Qiagen Inc., Valencia. CA) according to the manufacturer's instructions. Prior to 
vaccination, the DNA was dissolved in sterile water. Seven groups, each containing five 
mice (12 to 15 weeks old) were vaccinated with 25 |ig of each indicated plasmid DNA diluted 
in PBS (GibcoBRL, Grand Island, NY) and adjusted to a final volume of 100 |al with 
physiological saline (Fujisawa, Inc., Deerfield, IL) for injection. Control (pLNCX), SRA 
(pLNCX-Rat-Neu) and IRAM (pLNCX-4-lBblig, pLNCX-B7.L pLNCX-B7.2) encoding 
constructs were used in vaccines as indicated below. Primary immunization was by 
intradermal injection in the top flank area, and was followed 15 days later by an identical 
booster injection. At the time of the booster injection, animals also received a dorsal 
subcutaneous challenge with 2x10^ FVB/N-TgN (MMTVneu) 220 mammary tumor cells 
from aged mice prepared as described below. 

The groups were as follows: 



Group Component Vaccine DNA Constructs 

1. pLNCX 

2. pLNCX-Rat-Neu 

3. pLNCX-Rat-Neu + pLNCX-B7. 1 

4. pLNCX-Rat-Neu + pLNCX-B7.2 

5. pLNCX-Rat-Neu + pLNCX-4-lBblig 
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6. pLNCX-Rat-Neu + pLNCX-B7. 1 + pLNCX-4- 1 Bblig 

7. pLNCX-Rat-Neu + pLNCX-B7.2 + pLNCX-4- 1 Bblig 

Spontaneous FVB/N-TgN (MMTVneu) mammary tumor cells from aged mice 
appeared as dorsal masses that were removed by sterile dissection from euthanized mice, 
minced and filtered through a cell strainer to obtain a single-cell suspension. The mammary 
tumor cells were washed in sterile PBS and adjusted to 2 x lOV 100 jil for subcutaneous 
challenge as described above. Typically, tumors appeared in the adoptive recipient animals 
within 3-4 weeks, at which time tumor surface area measurements of the length and width of 
the tumor mass in each animal were commenced at 48 h intervals. When the first mouse in a 
treatment group presented with a tumor having an approximate surface area (length x width) 
of 200 mm\ animals in that group were euthanized, spleens harvested for flow 
immunocytofluorimetry as described below in Example 4, and sera were collected by cardiac 
puncture. 

EXAMPLE 3 

Detection of Specific In Vivo Induction of Antibodies 
BY Surface Receptor Antigen DNA Vaccine 

This Example presents an antigen-capture enzyme-linked immunosorbent 
assay (ELISA) for detection of SRA specific antibodies in the sera of mice immunized with 
DNA vaccines of the present invention as described in Example 2. The assay involves 
capturing SRA molecules (in this example the rat Neu protein) using a solid-phase 
immobilized monoclonal antibody specific for the SRA, and then assaying immune sera from 
vaccinated animals for the presence of detectable antibodies able to bind the captured SRA. 

As a source of rat Neu protein, 10' DHFRG8 cells (ATCC, Rockville, MD) 
propagated under culture conditions as specified by the supplier were lysed on ice in 1 ml of 
lysis buffer (lOmM Tris, 150mM NaCl, 0.2% Triton X-100 (#A-4529, Sigma, St, Louis, 
MO), 0.2 mg/ml aprotinin (Sigma), 0.2M benzamidine (Sigma), and 0.2M PMSF (Sigma)) 
and vortexed every 10 minutes for 1 hour. DHFRG8 lysates were clarified by centrifugation 
to remove insoluble material and the supernatant was collected, assayed for protein content 
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using a Coomassie blue reagent Protein Assay kit (BioRad, Richmond. CA), and stored in 
aliquots at -70°C until use. 

Blood samples were obtained by retro-orbital bleed of FVB/N-TgN 
(MMTVneu) mice prior to immunization with SRA vaccines as described in Example 2, one 
week after the booster vaccination, and by cardiac puncture 6-8 weeks after the booster 
immunization. Sera were prepared and stored at until they were analyzed by antibody- 

capture ELISA for the presence of anti-Rat Neu antibodies. For the ELISA, 96-well plates 
were coated with 2.5 ^ig/ml of murine monoclonal antibody specific for rat c-neu (Ab-1, 
Oncogene Research Products, Cambridge, MA) in 50 lal/well of carbonate buffer overnight at 
4°C. The plates were incubated with a blocking buffer (PBS + 1% bovine serum albumin 
(BSA, Sigma)) for 4 hours at room temperature and washed 5 times using an ELISA plate 
washer (BioRad model 1575, Richmond, CA) with PBS + 0.1% Tween-20 (Sigma). Rows of 
the 96-well plates were alternatively coated with PBS + 1% BSA or with 50 |al/well of 
DHFRG8 ceil lysate (prepared as described above) adjusted to a protein concentraion of 100 
jig/ml and incubated overnight at 4''C, After 5 washes, the plates were incubated with 2-fold 
serial dilutions of the immune or preimmune serum samples in dilution buffer (PBS, 1% 
BSA, 1% fetal calf serum (FCS, Gemini Bio Products, Calabasas, CA) containing 0.1 M 
NaN3 (Sigma) and 25 |Ag/ml carrier mouse immunoglobulins (Organon Teknika. Durham, 
NC) for 1 hour at room temperature. After 5 washes, specifically bound antibodies were 
detected with horseradish-conjugated goat anti-mouse IgG (Amersham Life Science, Inc., 
Arlington Heights, IL), diluted 1:5000 in PBS + 1% BSA, for 45 min at room temperature. 
After an additional 5 washes, the reactions were developed with TMB substrate buffer 
(Kirkegaard & Perry Laboratories, Gaithersburg, MD) and read at 450 nm on a V-max 
ELISA reader (Molecular Devices. Inc., Sunnyvale, CA). 

Representative antigen-capture ELISA data are presented in Figure 1. 
Preimmune sera from animals in every treatment group exhibited only background Neu 
binding as evidenced by optical density (OD) levels. Sera from animals of group 2, which 
were vaccinated only with an SRA (pLNCX-Rat-Neu) encoding construct contained only 
weakly reactive quantities of anti-Neu antibodies, and were only marginally more reactive 
than sera from animals of group 1 , which were immunized with the unmodified pLNCX 
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plasmid, or those of group 4, which were vaccinated with the combination of pLNCX, 
pLNCX-Rat-Neu and pLNCX-B7.2. The group 4 results are not inconsistent with reported 
down-regulation of lymphocyte activation involving CD86/B7.2 under certain conditions 
(see, e.g., Linsley et ah 1993 J. ImmunoL 150:3161; Greene et aL, 1996 J. BioLChem, 
271:26762; Linsley et aL, 1994 Immunity 1:793: and references cited therein). In contrast, 
sera from the animals of groups 3 and 5-7, which were vaccinated with constructs encoding 
the SRA and one (groups 3. 5) or more (groups 6, 7) IRAM all contained significantly 
elevated levels of anti-Neu antibodies. 

EXAMPLE 4 

Flow Cytometric Analysis of Splenocytes from Animals Immunized with 
Surface Receptor Antigen DNA Vaccines 

Spleens were harvested from tumor bearing mice following treatments as 
described above in Example 2, The spleens were minced and filtered through a cell strainer 
to obtain single-cell splenocyte suspensions (Misheli and Shigii (eds.) Selected Methods in 
Cellular Immunology^, 1979 Freeman Publishing, San Francisco. CA). To obtain purified T 
cells, the splenocyte suspensions were purified by density sedimentation using Lympholyte 
M (Cedarlane/Accurate Laboratories, Westbury, NY) according to the manufacturer's 
instructions. The ratio of T lymphocytes to B lymphocytes was examined by staining 
lymphocyte suspensions with a fluorescein isothiocyanate (FITC) conjugated murine T cell- 
specific monoclonal antibody (mAb) (anfi-mouse CD3e clone 145-2C1L PharMingen, San 
Diego, CA) and an R-phycoerythrin (R-PE) conjugated murine B cell-specific mAb (anti- 
mouse CD45R/B220 clone RA3-6B2, also PharMingen). The ratio of CD8+ and CD4+ T 
cells was examined by staining with FITC anti-mouse CD4 (L3T4) mAb clone Rm4-5 
(PharMingen) and R-PE anti-mouse CD8a (Ly-2) mAb clone 53-6.7 (PharMingen). 

Briefly, splenocytes (1x10^ cells) were washed and incubated with mAbs at 
10 |ig/ml in 0.1 ml of staining medium (Dulbeccos Modified Eagle Medium (DMEM, 
GibcoBRL, Life Technologies, Grand Island, NY) supplemented with 10% FCS, lOmM 
EDTA (GibcoBRL), lOmM Hepes (Sigma) and 0.1% NaN3 (Sigma)) for 1 hour at 4^C. After 
washing, cells were fixed in 2% formaldehyde (diluted from ultrapure 16% formaldehyde 
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stock solution, Polysciences, Inc., Warrington, PA). All flow cytometric analyses were 
conducted using a F AC Scan flow cytoflourimeter (Becton Dickinson, Mountain View, CA) 
gated to analyze lymphocytes according to light scattering properties, according to the 
manufacturer's recommendations. 

Figure 2 shows representative immunocytofluorimetry data depicting the 
splenic T:B lymphocyte ratios in mice from the vaccine treatment groups of Example 2, with 
the numeric percentages in the upper left and lower right quadrants of each scatter plot 
indicating the proportion, respectively, of gated cells staining positively for the CD45 (B220) 
B cell marker and the CD3 T cell marker. As indicated in Fig. 2, in this tumor-burdened 
murine model spleen T cells profoundly outnumbered spleen B cells in the control treatment 
group (pLNCX, group 1) and in treatment groups 2-4 and 6. In treatment groups 5 (pLNCX 
+ pLNCX-Rat-Neu + pLNCX-4-lBblig) and 7 (pLNCX + pLNCX-Rat-Neu + pLNCX-B7.2 
+ pLNCX-4-lBbIig), by contrast, the relative representation of spleen B cells increased 
significantly. 

EXAMPLE 5 

Impaired Tumor Growth in Animals Immunized with 
Surface Receptor Antigen DNA Vaccine 

Growth of adoptively transferred FVB/N-TgN (MMTVneu) mammary tumor 
cells from aged mice in young FVB/N-TgN (MMTVneu) mice was monitored. Animal 
treatment groups, tumor inoculations and tumor mass surface area determinations were as 
described above in Example 2. Data from a representative experiment are presented in Figure 
3. Tumor surface area increased as a function of time in animals of all treatment groups 
assayed (Groups 1, 2, 4, 5, 7), however, an impaired growth rate and a significantly decreased 
tumor burden were apparent in animals immunized with a SRA/IRAM encoding DNA 
vaccine (Group 7: pLNCX + pLNCX-Rat-Neu + pLNCX-B7.2 + pLNCX-4-lBblig), At 35 
days post-injection of tumor cells, 2 of 6 mice in Group 7 had tumors classified as small 
(mean surface area = 32 mm'), compared to tumors designated as of intermediate size in 
Group 1 (4/4 mice, mean s.a. = 53 mm"). Group 2 (5/6 mice, mean s.a. = 52 mm") and Group 
5 (4/6 mice, mean s.a. = 65 mm"), and those of Group 4 were designated large (6/6, mean s.a. 
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= 105 mnr). As noted above for Example 3, these group 4 results also are not inconsistent 
with reported down-regulation of lymphocyte activation involving CD86/B7.2 under certain 
conditions (see. e.g.. Linsley et al. 1993 J. Immunol, 150:3161; Greene et al., 1996 J, 
BiolChem. 271:26762; Linsley et aL, 1994 Immunity 1:793; and references cited therein), and 
thus may illustrate contemplated uses of the invention vaccines, e.g., for suppressing SRA 
specific responses as described above. 
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CLAIMS 

We claim: 

1 . A vaccine for eliciting or enhancing the titer of antibodies specific for a 
cell surface receptor antigen, comprising: 

a recombinant expression construct comprising at least one promoter operably 
linked to a nucleic acid sequence encoding a cell surface receptor antigen, a nucleic acid 
sequence encoding a first immune response altering molecule and a nucleic acid sequence 
encoding a second immune response altering molecule, wherein said first and second immune 
response altering molecules are different from each other and are selected from the group 
consisting of an accessory cell agent and a T cell agent. 

2. A vaccine for eliciting or enhancing the titer of antibodies specific for a 
cell surface receptor antigen, comprising the expression products of the recombinant 
expression construct according to claim 1 . 

3. A vaccine for eliciting or enhancing the titer of antibodies specific for a 
cell surface receptor antigen, comprising: 

a) a first recombinant expression construct containing at least one 
promoter operably linked to a nucleic acid sequence encoding a cell surface receptor antigen 
and a nucleic acid sequence encoding a first immune response altering molecule; and 

b) a second recombinant expression construct containing a promoter 
operably linked to a nucleic acid sequence encoding a second immune response altering 
molecule, 

wherein said first and second immune response altering molecules are 
different from each other and are selected from the group consisting of an accessory cell 
agent and a T cell agent. 
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4. A vaccine for eliciting or enhancing the titer of antibodies specific for a 
cell surface receptor antigen, comprising the expression products of the recombinant 
expression constructs according to claim 3 . 

5. A vaccine for eliciting or enhancing the titer of antibodies specific for a 
cell surface receptor antigen, comprising: 

a) a first recombinant expression construct containing at least one 
promoter operably linked to a nucleic acid sequence encoding a cell surface receptor antigen; 

b) a second recombinant expression construct containing a promoter 
operably linked to a nucleic acid sequence encoding a first immune response altering 
molecule; and 

c) a third recombinant expression construct containing a promoter 
operably linked to a nucleic acid sequence encoding a second immune response altering 
molecule, 

wherein said first and second immune response altering molecules are 
different from each other and are selected from the group consisting of an accessory cell 
agent and a T cell agent. 

6. A vaccine for eliciting or enhancing the titer of antibodies specific for a 
cell surface receptor antigen, comprising the expression products of the recombinant 
expression constructs according to claim 5. 

7. A vaccine for elicifing or enhancing the fiter of antibodies specific for a 
cell surface receptor antigen, comprising: 

a) a first recombinant expression construct containing at least one 
promoter operably linked to a nucleic acid sequence encoding a cell surface receptor antigen; 
and 

b) a second recombinant expression construct containing at least one 
promoter operably linked to a nucleic acid sequence encoding a first immune response 
altering molecule and a nucleic acid sequence encoding a second immune response altering 
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molecule, wherein said first and second immune response altering molecules are different 
from each other and are selected from the group consisting of an accessory cell agent and a T 
cell agent, 

8. A vaccine for eliciting or enhancing the titer of antibodies specific for a 
cell surface receptor antigen, comprising the expression products of the recombinant 
expression constructs according to claim 7. 
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<223> Primer for FCR amplification of cDNA encoding 
murine B7.2i 
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cgatcgatct ttcctcaggc tctcac 
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